The chemistry of an active adenosine A1 receptor ligand and its related analogs. by Zhen, Yang. & Chinese University of Hong Kong Graduate School. Division of Chemistry.
The Chemistry of an Active Adenosine A! Receptor 
Ligand and Its Related Analogs 
’� V J^�,""�/ r \ ； 
- \ ’• z • • * iT* 
� ‘ • n 
by 
Zhen Yang 
A thesis submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy 
in 




Prof. T.H. Chan, External Examiner 
Dr. T.L. Chan, Chairperson 
Dr. K.F. Cheng, Additional External Examiner 
Dr. T.K.M. Shing 









* List of Nomenclature ：； • 
ii-ix 
Abstracts (for Chapter 2, Chapter 3，and Chapter 4) x 
Chapter 1. General Introduction 
Chapter 2. Synthesis of 5-(3-Hydroxypropyl)-7-methoxy-2-(3'-methoxy-4'-
hydroxyphenyl)-ben2o[6]furan-3-carbalclehyde (XH^^) (18) 
2.1. Introduction 9_12 
2.2. Isolation and Structure Elucidation of XH^^ (18) 
2.2.1. Material and method 13-17 
2.2.2. Structure elucidation 18-23 
2.3. Results and Discussion � 
2.3.1. Total synthesis of XH^^ (18) 24-52 
2.3.2. Chemical modification of XH14 (18) 
(a) Synthesis of 3-hydroxyniethyl-5-(3-hydroxypropyl)-
7-methoxy-2-(3'-methoxy-4'-hydroxyphenyl)-benzo[^] 
furan(49) and 3-hydroxymethyl-5-(2-methoxycarbonyl 
et hyl)-7-methoxy-2-(3'-methoxy-4'-hydroxy pheny 1)-
benzo[^]furan (66) 53-54 
(b) Synthesis of 5-(2-carboxyethyl)-7-methoxy-2-(3'-
me t hoxy-4 '-hyd r oxypheny l )-benzo [Z? ] f u r a n-3-
carbaldehyde (67) 54 
(c) Synthes is of 5-(3-Hydroxypropyl)-7-methoxy-3-
m e t h y l - 2 - ( 3 ' - m e t h o x y - 4 ' - h y d r o x y p h e n y l ) -
benzo[办]furan (68) and 5-(2-methoxycarbonylethyl)-7-
methoxy-3-methyl-2-(3'-methoxy-4'-hydroxy phenyl)-
benzo[办]furan (69) 54-55 
» 
• id) S y n t h e s i s of 5.(2-carboxy-/ra7is-ethenyl)-7-
m e t h o x y - 2 . ( 3 ' . i n e t h o x y - 4 ' . h y d r o x y p h e n y l ) . 
benzo[Z>]furan-3-carbaldehyde (70) 
(e) Syn t h e s i s of 4-bromo-5-(3.hydroxy propy l) .7-
me t h o x y - 2 - ( 3 m e t h o x y-4 ' . h y d r o x y p h e n y l ) . 
benzo[办]fiiran-3-carbaldehyde (72) 一 
(f) Syn t h e s i s of 4-acetyI-5-(3-hydroxypropyl)-7. 
n i e thoxy .2-(3' .me thoxy .4 '-hydroxypheny l) .benzo 
[办]furan (73) and 3-acetyl-5-(3-hydroxypropyl)-7-
m e t h ox y . 2 - ( 3 ' - m e t h o x y - 4 ' . h y d r o x y p h e n y l ) -
benzo[办]furan (75) 了^ 石工 
(g) S y n t h e s i s of 3-ni t ro-5-(3-hydroxypropyl ) -7 -
n i e t h o x y - 2 - ( 3 ' - m e t h o x y - 4 ' - h y d r o x y p h e n y l ) -
benzo[办]furan (77) a nd 4-nitro-5-(3-hydroxyphenyl).7-
me t hoxy-2-(3 '-me t h o x y - 4 ' - h y d r o x y p h e n y l ) -
benzo[办]furan (78) 61-64 
(h) Syn t h e s i s of 3-(a-hydroxyethyI)-5-(3-hydroxy 
propyI)-7-methoxy-2-(3'-methoxy-4'.hydroxyphenyl)-
benzo[办]furan (81) 64 
(i) Synthesis of 5-(3-hydroxypropyl)-7-niethoxy-2-(3'-
me t hoxy-4'-benzy loxy pheny l )-benzo [^ ] f u ran-4-
carbaldehyde (82) 64 
2.4. Structure-activity Relationship of A^ Antagonists 65-71 
2.5. Conclusion 72 
2.6. Experimental Section 73-97 
2.7. References 98-103 
Chapter 3. Synthesis of 9,10-Dihydro-10,10-diniethoxyanthracen.9.one 
3.1. Introduction IO4 
3丄 Results and Discussion 105-118 
3.3. Experimental Section 119-124 
3.4. References 125-128 
Chapter 4. Synthesis of 10，ll-Diinethoxydibenz[办，/]oxepin 
3.1. Introduction 129 
3.2. Results and Discussion 130-133 
3.3. Experimental Section 134-137 




The author wishes to express his sincere thanks to his supervisor, Dr H. N. C. Wong, for his 
invaluable advice, guidance and encouragement during the course of research and preparation of 
this thesis. He also wishes to thank Drs H. M. Chang, C. M. Lee and T丄.Chan for their helpful 
comments. He is indebted to Profs B. M. Fung, Z. L. Xu and Drs C.-D. Poon and K. Y. Chui for 
their skillful analysis of the proton, and C-13 NMR spectra of XH14, and for their suggestions in 
the elucidation of the structure of XH14. Thanks are also given to Mr P. M. Hon for the isolation 
of compound XH14 from Danshen, to Mr Y. X. Cui for his assistance in performing all the 2D-
COSY and 2D-N0ESY studies, to Ms J. Ma and Mr A. M. Wang for performing all the bioassays, 
and to Messrs Y. H. Law, C. W. Fung and K. W. Kwong for their assistance in measuring all 
mass spectra and some ^H-NMR and ^^C-NMR spectra. 




， Department of Chemistry 
and 
The Chinese Medicinal Material 
Research Centre 
The Chinese University of Hong Kong 
1 
List of Nomenclature 
For Chapter 2. 
八 八 CHO 
OMe OMe 
lUPAC: 5-(3-Hydrojcypropyl)-7-methoxy-2-(3,-methoxy-4’-hydroxyphenyl)-bcnzo�ibl 
furan-3-carbaldehyde (XH") (18) 
O 









O ji CHO 
OMe OMe 
lUPAC: 5-(2-Methoxycarbonyl-rrflAis-ethenyl)-7-methoxy-2-(3'-methoxy-4'-hydroxy 






TTTPAr" c OMe OMe 
o 
TTTPAI^  C /’ OMe OMe 
5-(2-Me 一 二 )。柳’ - m e 一 
,, OMe OMe 
iUi^AL: 5-(3-Acetoxypropyl)-7-methoxy-2-(3'-methoxy-4^acetoxyphenyl) 
benzo[Z?]furan (56) � ) 
OMe OMe 
lUPAC: 5-(3-Acetoxypropyl)-7-methoxy-2-(3,-methojcy-4,-hydroxyphenyl) 




benzo[^]furan-3-carbaldehyde (58) CHO 
OMe OMe lUPAC: 5-(3-Acetoxypropyl)-7-methoxy-2-(3'-methoxy-4'-hydroxyphenyl)-
benzo[Z?]furan-4-carbaldehyde (59) 
Q r 0 - o c h , H Q 
MeO OMe 
lUPAC: 1,4-Di (3'-methoxy-4'-benzyloxyphenyl)-buta-l,3-diyne (60) 
• • • m 
lUPAC: 1’4-Di (3’-methoxy-4,-hydroxyphenyl)-but二 (61) 
TITPAP c c OMe OMe lUI^AL: 5-(3-Formyloxypropyl)-7-mcthoxy-2-(3'-mcthoxy.4»-hyclroxyphcnyl). 
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benzo[ib]furan-3-carbaldehyde (65) O Jl CH2OH OMe OMe lUPAC: 3-Hydroxymethyl-5-(2-methoxycarbonylcthyl)-7-mcthoxy-2-(3'-mcthoxy-
4, -hydroxyphenyl)-benzo[办]furan (6 6) 
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For Chapter 4. 
MeO OMe 
lUPAC: 10,1 l-Dimethoxydibenz[Z?/]oxepin (4) 
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HO O 
lUPAC: 10,11 -Dihydro-11 -hydroxyciibenz[Z?/loxepin-10( 1 l//)-one (12) 
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i x 
Abstracts (for Chapter 2，Chapter 3 and Chapter 4) 
For Chapter 2 : 
A naturally occurring b e n z o f _ ’ namely 5-(3-hyctoxypropyl)-7-methoxy-2-(3’-methoxy-4,-
hydroxyphenyl).benzoMfuran-3-carbaldehyde (XH,^) was isolated from the roots of Salvia 
一船Bunge (Danshen). Its structure was established by means of spectroscopic methods as 
well as by a total synthesis. Both the natural and the synthetic compounds showed a high affinity 
(IC5o= 17nM and lOnM, respectively) in the adenosine Aj receptor assay. 
In order to understand the structure-activity relationship of XH14, we have accordingly 
synthesized a variety of its analogs. Nevertheless, the natural compound remains the most active 
antagonists to the adenosine A^ receptor in the series. This finding suggests that both the aldehyde 
and the hydroxypropyl groups in compound XHm are crucial for the bioactivity. Also described in 
this Chapter are the regioselective introduction of a formyl, an acetyl or an nitro group to either the 
C-3 or the C-4 position of the benzofuran skeleton in XH14. using different electrophiKc reagents, 
and the conversion of the aldehyde group in XH14 into a methyl or hydroxymethyl group. In 
addition，the structure-activity relationship of A! antagonists is discussed . 
For Chapter 3: 
l-Benzyloxy-5,8-dihydro-5,5,8,8-tetramethoxy-naphthaleneand 9，10-dihydro-9，9，10，10-
tetramethoxy-anthracene have been prepared by anodic oxidation. Regioselective hydrolysis of the 
above diketals into their corresponding monoketals is also described. Diels-Alder reaction of (£)-l-
methoxybuta-l,3-diene with the monoketal of l,4-dihydro-4,4-dimethoxy-5-benzyloxy 
naphthalene gave regioselective product, whose structure has been confirmed by ^H-NMR 
spectrometry and 2D ^H-lH NOESY, as well as by an X-ray analysis. 
For Chapter 4 : 
A novel compound, namely 10,1 l-dimethoxydibenz[Z?,/|oxepin has been prepared from di(2-
formylphenyl) ether. The key steps in this synthesis are an Ullmann ether synthesis and a benzoin 
condensation. The preparation of compounds 10，ll-dihydro-ll-hydroxydibenz|>，/]oxepin_ 
10(ll//)-one and 10,1 l-dihydrodibenz[^,/loxepin-10,11-dione, as well as 10,11-dihydro-ll-




The rhizome of Salvia miltiorrhiza Bunge (Labiatae), also known as Danshen, is an ancient 
Chine-se drug ranked as a super-grade medicine in China.l Based on the red color of the root, 
Danshen is regarded to be a blood tonic and has been used widely in China to treat coronary heart 
diseases, particularly angina pectoris and myocardial infarction.2，3 it has reportedly sedative and 
tranquiUzing effects and is also being used to treat neurasthenic insomnia. 3-5 Owing to its broad 
spectrum of in vitro pharmacological activity, the chemical composition of Danshen has been 
studied extensively over the last 50 years. The alcohol extracts of Danshen are particularly rich in 
abietanoids and diterpene quinone pigments. In fact, no less than 40 diterpenoid tanshinones have 
been isolated and identified from Salvia miltiorrhiza between 1934 and 1990 (Scheme I).6 
However，of even greater importance is Danshen's water extract which has been used widely in 
China to treat coronary heart d i s e a s e s . 2 , 3 Recently, considerable attention has been devoted to the 
potential therapeutic properties of the water-soluble components, some of the structures of which 
are listed in Scheme IIJ These compounds have significant bioactivities. For example, salvinoUc 
acid 38 has shown notable pharmacological effects in various animal experiments including anti-
hypoxemia in mice, reduction of mortality in acute myocardial infarction in dogs and in vitro 
dilation of porcine coronary artery. It also inhibits morphine- and propranoloHnduced contraction 
of coronary artery in cats.8c The monomethylester of Uthospemiic acid has significant inhibitory 
activity on adenylate cyclase in both rat brain and rat erythrocytes. Lithospermic acid B 510 causes 
a significant decrease of urea nitrogen, creatinine, methyl guanidine and guanidinosuccinic acid 
levels in the blood of adenine diet-induced uremic rats, and shows remarkable improving effects on 
uremic symptoms of these rats. Salvianolic acid A 9 inhibits pig gastric H+，K+-ATPase and 
pNPPase with 50% inhibition value (IC50) of 5.2 xlO.lO m and 1.7 xlO"^ M, respectively.U 
In the course of our evaluation of the pharmacological profile of the aqueous extracts of 
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adenosine A^ receptor on bovine cerebral cortex membnmes. Adenosine has long been n^cognized 
to play an important role in the regulation of blood flow and cardiovascular f u n c t i o n s . The 
presence of an adenosine receptor Ugand in Danshen may be related to its therapeutic applications 
in coronary heart diseases. We have, therefore, initiated a program to isolate this active component 
ftom Danshen, being monitored by the adenosine A! radioligand binding a s s a y . l 3 i n this manner, 
a new compound XH14 with an exceedingly high potency (IC5o=17 nM) was isolated as a 
yellowish oil, whose high resolution mass spectrum shows M+ at m/e 356.1248 (C2oH�()06 
requires 356.1260). The ^H-NMR of XH14 displays signals for five aromatic protons between 5 
6.6 and 5 7.8, an aldehydic proton at 5 10.26’ two methoxy groups at S 4.01 and 5 3.99’ a broad 
hydroxyl proton at ca 5 5.99’ two triplets for the methylene protons of the 3-hydroxypropyl side 
chain at 5 3.70 and 5 2.81 and a multiplet for the remainig methylene protons at 5 1.94. These 
structural elements are also confirmed by ^^C-NMR data. The structure elucidation of this 
compound will be reported in detail in the latter sections. 
In the 60 years since adenosine was first shown to be a potent hypotensive agent, a 
considerable efforts have been made by pharmaceutical companies to design new adenosine 
receptor ligands, both agonists and antagonists, with the aim of developing new therapeutic 
entities. 14 Up to now, most potent Aj receptors antagonists are structurally related compounds of 
xanthine. More recently, several classes of non-xanthine A! receptors antagonist heterocycles have 
been r e p o r t e d . 15 Adenosine antagonists possessing selectivity for adenosine receptor subtypes only 
appeared within the last few years. 16 This is mainly because of the fact that theophylline and 
caffeine, the first adenosine antagonists do not distinguish between the different subtypes of A! 
and A2. 
After about ten years' effort, the most potent Aj-selective adenosine antagonists has been 
found in the 8-cycloalkylxanthine series and 8-phenylxanthine derivatives, for example, 1,3-
dipropyl derivative CPX 15, whose extremely high Aj affinity (IC5o=0.92 nM) and 700-fold 
selectivity, is by far the largest reported. l纽 However, this compound has the shortcoming of being 
5 
sparingly soluble in water, 17 thus, 8-substituted xanthine compounds have been further modified 
in order to increase their solubility in water.l7，18 
8-cyclopentyl-l,3-dipropyIxanthine (CPX) (15) 
Nonxanthine adenosine antagonist have received far less attention than the well-known 
xanthines. Thus far only a few chemical series have been identified, and some iU-defined patterns 
of subtypes selectivity have been found in several c a s e s . 19 These substances, without exception, 
are also nitrogen based compounds but are somewhat less potent than xanthines and little is known 
of the structure-activity relationship within the non-xanthines or relationship between the non-
xanthine and xanthine series.20 
Unlike all of the Aj adenosine receptor antagonists which are nitrogen containing compounds, 
XHi4 has a skeleton devoid of nitrogen. XH14 therefore provides a new kind of structure having a 
high Ai receptor antagonist activity, and is relatively soluble in water. We, therefore, undertook a 
systematic study of this class of compounds in order to obtain more information on their structure-
activity relationship. 
The compound XH14 was first isolated from Danshen in 1988. Based on the spectroscopic 
data three structures were proposed. The structure 16 was first thought as compound XH14, and 
the proton assignments are listed in table I. Eventhough this structure seemed to be reasonable, the 
unusual chemical shifts of methoxy groups for this proposed structure, particularly with regard to 
its two methoxy groups attached at the same carbon as a ketal, which was acid labile and was 
easily hydrolyzed to a ketone with less angle strain, cast doubt on this assignment. The second 
structure was the compound 17，this structure was more reasonable considering the good 
explanation for the spectroscopic data (see Table J). However, this kind of skeleton was not ever 
known，there were no solid supportive evidences to confirm this structure as XH^^. The most 
reasonable structure 18 was eventually established, in view of the fact that compound XH14 could 
be regarded as a dimer of salvinolic acid 3 found in Danshen, as well as on the more acceptable 
6 
* spectroscopic assignment. 
In light of the difficulties in the spectroscopic and pharmacological studies of XH14 caused by 
its scarce quantity in Danshen (2mg/10kg), we have earned out its total synthesis to provide 
sufficient amount for both structural studies and for its investigation as an adenosine A! ligand. 
1 O OH 
MeO OMe ^ 13 
9-0X0-9,10-dihydro-10,10-dimethoxy-8-hydroxy.6-(3-hydroxy 
propyl)-anthracene-3-carbaIdehyde (16) 








The proposed assignment of the proton resonances of the three structures are summarized in 
Table I In any event, a total synthesis is necessary for an unequivocal identification of XH14. 
Various chemical and pharmaceutical feature of XH14 will be dicussed in Chapter 2. 
The attempted construction of compound 16 and 17 will be discussed in details in Chapter 3 
and Chapter 4’ respectively. 
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Table I 
义义 JL 3yCH06. s. , o OH , , HO, 
s 10.26 IH s CHO IH s CHO IH s CHO 
7.64 IH d 7=1.5Hz H4 IH d /=1.5Hz H-7 IH d /=1.5Hz H-7 
7.37 IH dd/=1.8, 8.3Hz H-6' IH dd/=1.8,8.3Hz H-2 IH dd /=1.8, 8.3Hz H-3 
7.36 IH d /=1.8Hz H-2’ IH d /=1.8Hz H-4 IH d /=1.8Hz H-1 
7.05 IH d /=8.3Hz H-5' IH d /=8.3Hz H-1 IH d y=8.3Hz H4 
6.73 IH d/=1.5Hz H-6 IH d/=1.5Hr H-S IH d /=1.5Hz H-9 
5.99 IH s At-OH IH s Ar-OH IH s Ar-OH 
4.01 3H s OMe^  3H s OMe^  3H s OMe^  
3.99 3H s OMeb 3H s OMe^  3H s OMe^  
3.70 2H t H-10 2H t H-13 2H t H-14 
2.81 2H t H-8 2H t H-11 2H t H-12 
1.94 2H m H-9 2H m H-12 2H m H-13 
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Chapter 2. 
Synthesis of 5.(3.HydroxypropyI).7.inethoxy.2.(3'.methoxy.4'.hydroxyphenyl). 
benzo[办]furan-3-carbaldehyde (18) 
2.1. Introduction 
The benzofuran nuclei are a common skeleton in natural p r o d u c t s . ^ l a Being condensed 
aromatic systems, benzofurans are remarkably stable toward alkali, but polymerize readily by 
action of concentrated sulfuric acid. Benzofurans occupy a prominent position among the plant 
phenols，a group of organic substances of extraordinary variety and interest. Their study reveals a 
close structural and chemical interrelationship that appears to reflect a similarly close relationship in 
the process by which these compounds are formed in plants.21b 
From a biogenetic viewpoint, compound XH14 (18), which consists of two C3-C6 fragments, 
could be regarded as a dimer of D�-p-3，4-dihydroxyphenyl-a-hydroxypropanoic acid (3)，which 
has been isolated from Danshen .8.22 The proposed biogenetic pathway shown in Scheme III 
may account for the formation of XH14 (18) in the plant. 
Scheme III 
OMe OMe OMe OH 
coniferol ferulic acid salvinolic acid 
HOCH,^^.,,^ H O C H z ^ ^ ^ ^ ^ ^ ^ 
V ^ Q — S r ^ o 一 • S ^ o — S ^ o 
OMe OMe OMe OMe 
A B C D 
OMe OMe (We OMe 
9 
HOCH’ _ ^CH.OH 
2 H 0 C H 2 � a a .CHO 
騰 OMe OMe 
eupomatene type of lignin herpetal 
A A A yCHO 
OMe OMe 18 
This condensation of two p-hydroxyphenylpro'penoid units (C^-C )^ to give a 2-aryl-3-
substituted coumaran nucleus is in good agreement with the well-established process in plant 
biochemistry. In the laboratory, models of this reaction were found in the oxidative coupling of 
isoeugenol to dehydrodiisoeugenal 19a23 and of coniferyl alcohol to 195^4. Similar self-
condensations of cinnamic acid derivatives have also been observed to occur through both chemical 
and enzymatic oxidative coupling r e a c t i o n s . 2 5 For example, ferulic acid ethyl ester yielded 
coumaran 19c, and a complex amide ofp-coumaricacid similarly dimerized to aglucone 19d.26 
OR' OR' 
19a. R=Me; R，=Me 19b. R=CH20H; R，=Me 
19c. R=C02Et; R，=Me 19d. R=CONHR，，R，=H 
In all of the above oxidative dimerization process, the produced coumarans have their 
unsaturated side chains attached to C-5. This observation is in agrement with the notion which in 
the radical coupling mechanisms only a phenolic function para to a vinyl group is mechanistically 
suited to undergo this type of coumaran formation.�！ 
Recently, Wagner and his c o - w o r k e r s�？ reported the synthesis of americanin-D 20 using 
oxidative reaction depicted in Scheme IV . The result also supports the above statement. 
10 
Scheme IV 




o ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ • co^Et 
OH 
o I CO,Et V " 
OH 
X H � e V ^ o h 
Americanin-D 20 
Interest in this kind of compounds began thirty years ago, Forbes and co-workers^^ identified 
a benzofuranoid compound in baker's yeast and discovered that insecticidal, fungicidal, and other 
physiological properties were associated with the benzofurans. 
Up to now, several natural substances containing the 5-alkyl-7-methoxy-2-phenylbenzofuran 
nucleus have been isolated from natural sources. For example, egonol 21 was obtained from the 
seed oil of Sty rax americana Lam. 29 Egonol was notable for its resemblance to dehydro-
diconiferyl alcohol which was regarded by Freudenberg as one of the building units of lignin.30 
Nasini and Venturinpl had isolated three compounds 22,23 and 24 from Ratania radix Ph. Eur 
11 
{Krameria triandria Ruiz, fam. leguminosne). Kaouadji^and c o - w o r k e r s 3 2 obtained compound 2 5 
from herpetospermunn Candigerum Wall which was quite similar to our proposed compound 18 
except that there was an extra unsaturation at the side chain. 
OMe O OMe 
21 Egonol 22 Ratanial 
CHO 
OMe OMe MeO OMe 
23 Ratanian 24 RatanialU 
A A A yCHO 
OMe OMe 
25 Herpetal 
With the hope to settle unequivocally the structure of XH14，we undertook its isolation from 
Danshen, a detailed examination of its spectroscopic data and, the total synthesis of compound 18 
(XHi4). In addition, the bioactivities of a series of analogs of 18 (XH14) were investigated. 
12 
2.2. Isolation and Structure Elucidation of XH14 (18) 
Figure 1. 
Salvia miltiorrhiza Radix ( 10 kg ) 
“ ,f boiled with water 
water exL residue 
”extd. with CHCI3 
water CHCI3 ext ( 6.6 g) 
silica gel column ( 70-230 mesh , 350 g ) 
EtOAc/CHCl3(5:95) 
( J ( m r ~ i n 
FrJ FrJI FrJn FrIV Fr.V Fr.VI Fr.VH Fr.Vm FrJX 
crypto- 0.44 g 0.32 g 0.27 g 0.46 g 0.41 g 0.52 g 0.48 g 0.22 g 
tanshinone (8.0^g/ml) (7.5^g/ml) (60^g/ml) (50^ig/ml) (2^ig/ml) (20^ig/ml) (30^ig/ml) (40^ig/mL) 
Fr.VI 
silica gel column ( 70-23Omesh 
lOOg) EtOAc/CHClg (5:95) 
) ( ( I " 
FrJ FrJI FrJE FrJV Fr.V Fr.VI 
0.05g 0.13g 0.26g 0.21g O.llg 0.72 
(>100Hg/niL) (49^g/mL) ( 8.7^ig/mL) (O.S^ig/mL) (7.7jxg/mL) 
HPLC, CH3CN/CHCl3/EtOH 
gradient (HPLC pattern I) 
Fr. 38 (12 mg) 
HPLC, CHsCN/CHCls/EtOH 
gradient (HPLC pattern II) 
Fr. 3 (1 mg) 
XHi4 
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2.2.L Material and Method 
Plant material and reagents 
Danshen was purchased from Henan province in China. Acetonitrile was of HPLC grade and 
purchased from Mallinckrodt, Inc.，U.S.A. Water was twice distilled. All other reagents were of 
analytical grade. 
Instrumentation 
The HPLC instrument consists of two Beckman 112 pumps, a 165 variable wavelength UV-
scanning detector, a Beckman 450 data controller, an Altex 210 injector with a 20 |il , and 20 |il 
loops, an Alltech 5|i Econosphere RP-C18 column (250x4.6 mm Ld.), an AUEX ULYRA 
column (250x10.0 mm i.d.)’ and a KIPP & Zonen BD40 recorder. 
Isolation 
The radix (10 kg) was finely cut and boiled with water for 12 hours. After filtration, the 
aqueous solution was extracted with chloroform. The extracts were concentrated to a red gum (6.6 
g, IC5o=15 |ig/ml) which was subjected to chromatography on a silica gel column (70-230 mesh, 
350 g, eluted with EtOAc/CHCl] 5:95) to give nine fractions as shown in Figure 1. Each fraction 
was examined by adenosine Aj receptor binding assay^^ and it was found that the fraction VI (410 
mg, IC5o= 2|ig/ml) was the most active one. It was rechromatographed on a silica gel column (70-
230 mesh, 100 g, eluted with EtOAc/CHC^ 5:95) to give a crude product (110 mg, IC5o= 0.5 
l^ g/mi) (Fr.V). This crude fraction was further purified by means of HPLC cluting with a gradient 
of acetonitrile-chloroform (see, Figure 2)，and 1 min fractions of the eluate were collected. Every 
fraction was then examined by the same binding assay method as mentioned above. The percentage 
of inhibition was depicted as dotted line shown in Figure 2, and the results pointed out that the 
fraction 38 was the most potent. This fraction was further separated by means of HPLC in the 
same manner as mentioned above except the solvent gradient. After examining by binding assay, 
fraction 3 was confirmed as the most active component named as XH^^ (1 mg, IC50 = 0.006 
|ig/mL) (see Figure 3). The purity of this component was further proved by HPLC method using 
a RP-C18 column (see Figure 4). 
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Figure 2. 
Semi.preparative HPLC Separation Spectrum; and Percentage Inhibition Value 
Curve of Adenosine A! Receptor Binding Assay (HPLC Pattern I). 
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HPLC separation condition and the corresponding separation spectrum 
Mobile phase system: A pump: 1.5% CH3CN in CHCI3 
， B pump: 12 % CH3CN in CHCI3. 
Flow rate: 3.8 mL/ min. UV: 260 nm. Range: 0.02. Y expansion: 200 
Controller program 
12% B ^ 
V Tune function Value Duration ^ \ .00 Binary AB 
X s ' • � How 3.8 0.00 
\ .00 %B .00 0.00 
\ 1.00 %B .00 1.00 
\ 1；., 31.00 %B 100.00% 30.00 
\ - i i _ 40.00 %B 100.00% 9.00 
1.5% A 1.5% A 45.00 %B .00 5.00 




Semi.preparative HPLC Separation Spectrum (HPLC Pattern \l) 
ifl on 
、；^ 、   ‘ 
CO I 
3 O ^ 
0 I m ‘ \ 
— CO 丨 U-) I > 00 
GS o Cvj , 1 . ^ 2 m^^  • « I — ua 
S ？：； 2 
• CO - < 0 * ® I \ \ K O 2 Di^m s n s ^ s j q - 円 a 
A I , 、 • * 一 • __• • • • Oi , • • • \ i^j « • i/^ • I • 
r 二 j} \ 
01 ‘ 
HPLC separation condition and the corresponding separation spectrum 
Mobile phase system: A pump: 2% CH3CN in CHCI3 ( containing 2% EtOH ). 
B pump: 14 % CH3CN in CHCI3 ( containing 2% EtOH ). 
Flow rate: 5.8 mL/ min. UV: 254 nm. Range: O.Ol. Y expansion: 500 
Controller program 
/ I 作 B Time function Value Duration 
9' \ .00 Binary AB 
\ .00 Flow 5.8 0.00 
V .00 % B .00 .()() 
\ 1 .00 % B .00 1.00 
\ 31.00 %B 100.00% 30.00 
\ J i l _ 40.00 % B 100.00% 9.00 
0^/ A -yor A 45.00 %B .()() 5.00 




HPLC Identified Separation Spectrum (HPLC Pattern III) 
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HPLC condition 
Mobile phase: A pump, 75% CH3CN (0.005 mol NaHyPCVHsPOA). 
B pump, 25% CH3CN (0.005 mol NaHyPCVHsPOA). 
Flow rate: 1 mL/min.. UV: 254 run. Range: 0.01. Y expansion: 200. 
Gradient elution: pump A 30% to 90% within 40 min.. 
The peak of ratention time at 8.59 minute corresponds to the compound XH14. 
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2,2.2. Structure elucidation of X H " 
The molecular formula of XH14 is C20H20O6 as was established by high-resolution mass 
spectrometer (taken with VG-ZAB-E). The observed exact m/e ratio of this compound was 
356.1248 as compared with the calculated m/e 356.1260. The low-resolution mass spectrum (with 
VG Micromass 7070F spectrometer) showed a molecular ion peak at 356 and the base peak at 312, 
indicating the lose of a fragment with m/e 44. All other fragmentation ions were in low intensity. 
With reference to 18, 5-(3-hydroxypropyl)-7-mcthoxy-2-(3'-methoxy-4'-hy(iroxyphenyl)-
benzo[^]furan-3-carbaldehyde, as being a possible structure for XH14, is the existence of a peak at 
m/e 312 in the mass spectrum. Thus, the lost of m/e 44 is resulted from the McLaffcrty 
rearrangement in which a fragment of CH2=CH-0H is released. 
+ + 
CHO ” I CHO 
恥 一 ^ p c f ^ o 丨 丨 + r 
I oMp 丨 OMe OMe UMe OMe uivie 
m/e 356 m/e 312 m/e 44 
The NMR study of the XH14, structure was performed by using a Varian XL-300 spectrometer 
which is equipped with a VXR-4000 data station. The compound (2 mg) was dissolved in 
deuterated chloroform and the solution was transferred to a microcell. The microcell was inserted 
into a 5 mm NMR tube which was filled with deuterated chloroform. 
The proton NMR spectrum of XH14 in deuterated chloroform is shown in Figure 5. The peak 
assignment can be made as follows: 5 10.26 (IH, s, CHO), 5 7.64 (IH, d, /=L5Hz’ H-4), 5 7.37 
(IH, dd, /i=1.8Hz, J f 8.3Hz, H-6’)，5 7.36 (IH, d, /=1.8Hz, H-2'), 5 7.05 (IH, d. /=8.3Hz’ 
H-5’)，5 6.73 (IH, d, y=1.5Hz, H-6), 5 5.99 (s, IH, ArOH), 5 4.01 (s, 3H, OMt^), 5 3.99 (s, 
3H, OMeb), 5 3.70 (t, 2H, -CH^OH), 5 2.81(t, 2H, ArCH�)，5 1.94 (m, 2H, CH2C//2CH2-OH). 
Several peaks at about 1.1 ppm are considered to be high-boiling solvent coming from the 
extraction processes. Some minor peaks in the proton NMR spectrum were due to impurities and 
the peak at 5 1.57 was due to residual water in the solvent. 
There are five aromatic protons which have chemical shifts between 5 6.6 and 6 7.8. This 
18 
region is expanded as shown in Figure 7 (a). The H-H COSY spectrum of XH14 shows that the 
peaks at 5 7.64 and 5 6.73 are correlated [Figure 6]. The coupling constant of 1.5 Hz indicates 
that they are likely to be meta to each other. These two peaks can be assigned to H-4 and H-6, 
which are in the same ring and do not coupled to other protons. The peaks at 5 7.37 and 5 7.05 are 
coupled to each other, but not to the two peaks discussed above. Two protons are responsible for 
the group centering at 5 7.37, and one proton is responsible for the group at 5 7.05. Since these 
two groups of peaks are correlated to each other in the COSY spectrum, these three protons are 
expected to be located in the same benzene ring. The coupling constants between these three 
protons cannot be obtained from the spectrum by inspection. Therefore, this three-spin system was 
analyzed by using computer simulation. The calculated ABX spectrum is shown in Figure 7 (b). 
The coupling constants obtained from the calculation are 8.29，1.87, and -0.20 Hz, which account 
for the ortho coupling between H-5' and H-6’，meta coupling between H-6, and H-2•，and para 
coupling between H-5' and H-2•，respectively. 
The hydroxy proton peak at 5 5.99 is hydrogen-bonded intramolecularly to the methoxy group 
at C-3'. Although perhaps less evident, this phenolic group is also correlated with the water peak 
in the COSY spectrum，indicating that there is a slow proton exchange between these two sites. 
However, the hydroxy peak of the 3-hydroxypropyl group is too broad to be observed. 
The correlations between the peaks at 6 3.70 and 5 1.94，and the peaks at 5 2.81 and 5 1.94 in 
the COSY spectrum indicate a -GH2CH2CH2- moiety in the compound. It is also confirmed by the 
spin-spin splitting pattern. As can be seen in Figure 5，the terminal CH�group a pears as a 
triplet, whereas the central CH2 group appears as a triplet of triplets. The chemical shifts of the two 
terminal CH2 groups are consistent with the notion that they are connected to a benzene ring and an 
oxygen atom, respectively. 
In addition to the 2D NMR study, the one-dimentional Nuclear Overhauser Enhancement 
(NOE) experiment also plays a major role in our attempt at the structural elucidation of XH14. In a 
one-dimensional NOE study of XH14, a secondary if field was used to irradiate a peak selectively 
before the proton pulse, and changes in the intensities of the other peaks were observed during 
acquisition. If one of the protons is spatially close to another proton, the selective irradiation of the 
former would cause the proton peak of the latter to change its intensity. By looking at the 
difference spectra with and without selective irradiation, one can observe which peaks have 
19 
intensity enhancements. 
Consequently, the multiplets at 5 7.36 and 5 7.37 (H-6’ and H-2') increased their intensity 
when the aldehyde signal at 5 10.26 was iiradiated [Figure 7 (c)]. This further confimis that the 
aldehydic group is substituted at C-3. Irradiation of the peaks of the two methoxy groups with 
complete selectivity could not be achieved because of their nearly superimposed chemical shifts. 
Nonetheless, when the irradiation was made with an emphasis either on the peak at 5 4.01 or the 
peak at 5 3.99，the absorption of H-6 or H-2', respectively showed a normal enhancement in 
intensity [Figure 7 (d),(e)]. This study thus established that OMe^ and OMe^ are substituted at C-
7 and C-3•’ respectively. Finally，enhancement in intensity was observed for H-4 and H-6 when 
the H-8 triplet was irradiated [Figure 7 (f)]. This result ratifies conclusively that the 3-
hydroxypropyl group is substituted at C-5. 
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2.3. Results and Discussion 
2.3.1. Total synthesis of XH^^ (18) 
In order to provide a framework of refirences for the discussion to be presented in the latter 
section of this thesis, a brief review of the existing methods for generating 2-phenyl substituted 
benzo[办]furan is given below. In recent years, much attention has been given to antifungal 
activities of certain hydroxy- and methoxy- substituted 2-phenylbenzo[到furans.33 Considerable 
interest has been devoted to the synthesis of substituted benzofuran compounds. For this reason 
different methods have been reported. 
Cyclodehydration of a>-aryloxy acetophenones, in the presence of polyphosphoric acid (PPA) 
as a cyclization agent, seems to be a promising route. It is interesting to note that a number of co-
phenoxyacetophenones cyclizes at 80尤 to form the normal product of 3-phenylbenzofuran. At 
however, the rearranged product of 2-phenylbenzofuran is p r o du c e d . ^ ^ a 
The reaction of cuprous acetylides with aryl halides has been proved to be an effective pathway 
for the preparation of a variety of b en zo f u r an s . 34a ’ b a recent report disclosed that palladium 
chemistry also plays an important role in similar cyclization reaction.34c 
R " O C + c u e - - ’ K - O c y -
An attractive approach for the preparation of 2-arylbenzofurans involves hydrogen peroxide 
oxidation of 3-alkyl-, alkoxy-, and/or aryloxyflavylium salts leading to the formation of 3-acyl-, 
and 3-carboxy-2-arylbenzofurans. For example, the formation of 3-acetyl-2-(4-hydroxyphenyl)-
benzofuran is constructed by this method, as can be seen below.^^ 
24 
benzofur^ is constructed by this method, as can be seen below.35 
八 .COOH 八 
A new base-induced cyclization has been described which involves the direct one-pot 
conversion of trifluoroethylphenyl ethers to 2,3-disubstituted benzofurans.^^ 
R3 R3 R3 R4 R3 R4 
R3=H or OMe a. R2=H R4=n-Bu or sec-Bu R=H or E 
b. R2=Li 
As shown below, condensation of o-hydroxybenzaldehyde with p-bromomethylnitrobenzene 
affords, for example, 2-(/7-nitrobenzyloxy)-benzaldehyde which undergoes cyclization to yield 2-
(p-nitTophenyl)-benzofuran. Subsequent reduction of this product furnishes the corresponding 2-
(p_aminophenyl)-benzofuran.37 
CHjBr 
O C + 6 ^ 
I 8flor' NO2 
3-Methoxy-4,5-methylenedioxyphenol has been reported to condense with 2-substituted 
phenyl acetonitrile, where R was Ac, Bz, tert-Bu, MegSi，PhCH?，allyl, or propargyl, in the presence 
of a Lewis acid (ZnCl?) catalyst, giving upon hydrolysis, functionalized benzofurans.^^ On the other 
hand, p-methoxybenzaldehyde cyanohydrin is known to condense with phloroglucinol in the 
prensence of Lewis acid to give 3-benzofuranol following h y d r o l y s i s . 3 9 
OH 
I CH2CN MeO 0、 
众 r OK • 
(/Y^Me l y j 2). hydrolysis 
V-O HO 
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N= C NH HCl 
OH 
J ^ o OAC 
Condensation of ethyl 2-chloro-2-(3',4'-methylenedioxyphenyl)-acetate and 2-hydroxy-3-
methoxy-5-(3-hydroxypropyl)-benzaldehyde gives ethyl 3-hydroxy-2-(3，’4,-methylenedioxy 
phenyl)-5-(3-hydroxypropyl).7-methoxycoumaran-2-carboxylate. Hydrolysis to the free acid, 
heating with quinoline, and acetylation yield eventually acetylegonol,� ‘ 
HOCH2CH2CH2 v^^-^CHO ^:^CHClCOOEt 
V^OH + o - V ^ 
MeO V-O 
H O C H 2 C H 2 C H 2 ^ 1) NajCOa 
‘ COOEt O^ OMe 
HOCH2CH2CH2. ^ 乂OH 
OMe O 
HOCH2CH2CH2 
I p C V Q - j — 0 、 
OMe O 21 
OMe acetylegonol 
A novel synthesis of substituted benzofurans by intramolecular [2+2] cycloadditions ofketenes 
to carbonyl groups has been reported recently in the following scheme.41 
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i f y C H O Et3N f f y C H O O 
^ O C H C O - R ~ ^ ^ 0 - C = C = 0 f f V ^ O k k ^ o ^ P h 
R: CI, OTs, O-^N^Me 
I. ^ 
Palladium-promoted cyclization of …allylic or vinylic phenols to 2- and 3-substituted 
benzofurans, respectively, has been proven synthetically quite s u c c e s s f u l . 4 2 
O C . ^ o c ； ^ o f 
Ph 
i f V ^ ^ Pci(0Ac)2 /I-BU4NC1 
DMF NaiCOa NaOAc • 
Reaction of 2'-bromodeoxybenzoin with activated bronze in refluxing dimethylacetamide gives 
the corresponding 2-phenylbenzofuran via radical cyclization p r o c e s s - 4 3 
Q^CH^COPh c u [0 ]—Cu [ l�k j-^CH^COPh 
^ v ^ B r ~Me2NC0Me 真 ^^^：：^* + ^ 
c u 【 一 , + 
Reduction of o-hydroxybenzaldehydes with aqueous titanium trichloride is a new simple way 
to the realization of 2-(benzofuran-2-yl)-phenols.44 
' ^ C H O + 2T 丨仰）+ 2H+ k O Q ^ ' 
OH HO 
+ 2Ti(IV) + 2H2O 
The palladium catalyzed cross coupling of 2-trimethylstannyl-resorcinoltricarbonyl chromium 





P= r-BuPh2Si P' = r-Bu(Me2)Si 
X=(Me)3Sn M=I 
One-step synthesis of benzofurans via intramolecular reductive deoxygenation of o-
aryloxyacetophenones using titanium (IV) chloride and zinc is a new application of titanium (II) 
species in C-C bond formation. Thus intramolecular reductive coupling between carbonyl groups 
of ketones and esters results in the formation of oxygen heterocycles."^ 
CH, CH3 
2-Aryl-l-substituted ethan-l-ones are converted to 2-substituted benzofurans by the 
intramolecular cycHzation of arene radical cation, which is first generated by photoinduced single 
electron transfer [SET] from excited singlet arenes to 1,4-dicyanonaphthalene (DCN), and is then 
attacked by hydroxyl nucleophiles to give benzofurans. 
hv /DCN 
r O ^ R " T i ^ 1 一 
Considering the structural character of compound 18 and comparing all the methods for 
constructing 2-phenylbenzofuran compounds, our preliminary strategy to be employed for the 
synthesis of 18 was based on the method of egonol 21 synthesis (Scheme V), which was first 
synthesized by Stevenson^^ adopting the method introduced by Castro.49 
Scheme V 
o o CH2(C00H)2 y 11 ^^ ^^ ^^ ^^ 八 Rr OHC^^^-. Br Pyrrolidine Pd-C’ H� 
Q ^ O H Pyridine ^ ^ ^ O H ^ 
OMe OM. OMe 
26 27. R=H 29 
28. R=Me 
28 
o CI n 八义 1) POCla 丨 
S ) 似 2) NaOAc 一 < X T , 、 广 dioxane——^ < 。 ^ ^ 一 
NH4CI, H2O 2) CUSO4, NH3. H2O ^ o - J ^ 
NH2OHHCI 30 -ii 乂 32. R=H 
33. R=Cu 
O 
29 + 33 
OMe O 乂 34 
2) H2S04,H20 丫 “ ^ 乂 
OMe O Z 
21 
Both aryl bromide 29 and cuprous acetyUde 33 could be readily prepared from 26 and 30, 
respectively. Compound 29 was obtained in two steps from 5-bromovanmin 26 via a Doebner-
Knoevenagel reaction, giving initially the cinnamic acid 27, followed by catalytic hydrogenation of 
the derived methyl ester 28. The acetylene 32 was prepared from methylenedioxyacetophenone 
30 via a Bodendoif reaction to give the p-aiyl-p-chloroacrolein 31，which yielded 32 on treatment 
with hot aqueous base. Coupling in pyridine solution of the cuprous arylacetyHde 33 [prepared 
from 32 by treatment with copper sulfate and hydroxylamine hydrochloride in ammonium 
hydroxide] with the bromophenol 29 yielded methyl egonoate 34. Reduction of ester 34 by 
lithium aluminum hydride in tetrahydrofuran gave egonol 21 in high yield.48a 
Notwithstanding the synthesis of 2-arylsubstituted benzofuran compounds are well-
established, directly regioselective introduce of a formyl group to the C-3 position in these 
electron-rich benzofurans such as the proposed structure 18 is not available. In our particular case, 
we are guided by the desire to develop a method which will be simple for carrying out a 
regioselective formylation, thereby facilitating the realization of our goal. The design of our 
synthetic pathway therefore adopts the strategy for direct introduction of the formyl group to the C-
3 position of our kind of benzofuran in a regioselective manner. If this regioselective method is 
29 
successful, our strategy would provide a convenient new pathway to the benzofuran-carbaldehydes 
which are of interest in drug research. The retrosynthetic disconnection for compound XH14 (18) 
is depicted as follow. 
Scheme VI. 
OMe OMe OMe OMe 
18 A 
汝 。 R 
OMe OMe . B 
CH=CHCOOMe > C=CH 












Scheme VI outlines the retrosynthetic analysis and strategic bond disconnection defining the 
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key building blocks for a total synthesis of compound 18. Thus, disconnection of the strategic 
bond C3-CHO unravels the key intennidiate A as subtarget for synthesis. Coupling of 28 and the 
cuprous salt of C followed by hydride reduction was envisioned to lead to A. This analysis makes 
use of the readily available compounds vanillin and acetovanillone as starting materials. 
According to the literature r epo r t s , benzofuran itself was unstable under Friedel-Crafts 
conditions, but its 2-substituted homologs were readily acylated at C-3. Comparative experiments 
had shown that the reactivity for fomiylation was benzofuran > thionaphthalene > naphthalene. 
The relative reactivities in formylation were found also in Friedel-Crafts acylation. Benzofuran 
itself was almost wholly resinified by Lewis acids such as stannic chloride and phosphoric acid, 
but 2-alkylbenzofuran50 and 2-benzylbenzofuran5l readily underwent acylation at position 3 by 
acid chlorides in the presence of stannic chloride. Interestingly, a chlorine atom at C-5 position of 
benzofuran hampered the acylation but a methoxy group at C-7 position favored it.50 
3-formylbenzofuran had reportedly been also obtained via oxidation of 3-benzofuranyl alcohol, 
which was readily produced upon treatment of methyl 3-benzofurancarboxylate with lithium 
aluminum hydride.52 
ur^r^r^u … L i A l H 4 MnOi RCOOH 90% • RCOOMe U RCH2OH ——^RCHO 
An alkyl substituent at C-2 position of 3-formylbenzofurans r e p o r t e d l y ^ O caused steric 
hindrance, as could be shown by the increasing difficulty in the Wolff-Kishner reduction of the 
following compounds: 3-formyl, 2-methyl-3-formyl, and 2-ethyl-3-formyl benzofurn. 
Furthermore, the oxime of 2-ethyl-3-formyl benzofuran was readily dehydrated to 3-cyano-2-
ethylbenzofuran, but the latter compound could not be hydrolyzed further to the corresponding 
amide. Moreover, 2-formyl- but not 2-ethyl-3-formyl benzofuran gave a chalkone with 
acetophenone. 
Usually, there are three classical methods to introduce an acyl group into the aromatic rings. 
They are: Friedel-Crafts, Vilsmeier and Gattermann methods. Acylation and alkylation of 
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benzofurans are possible by Friedel-Crafts method, but for the 2-substituted benzofurans the 
regioselectivity is not good’ and the catalysts have to be very carfuUy chosen. Thus such reactions 
have not been employed extensively. TOs poor regioselective trend can perhaps be attributed to 
two reasons; i.e. steric hindi^ce of the phenyl group at C-2 position, and the electrophiHc reagent 
is so active that no regioselectivity is possible. In marked contract to Friedel-Crafts reaction, 
Vilsmeier and Gattermann reagents have mild electrophilic property, and are effective for 
introducing a formyl group into electron-rich aromatic compounds. Furthermore, fomiylation by 
means of Vilsmeier reagent reportedly gives a high yield than the Gattennann's method and was 
experimentally more convenient.53 
It was known that 2-alkyl benzofurans were considerably more stable than benzofuran itself, 
and could undergo Friedel-Crafts acylation catalyzed by aluminum chloride or better stannic 
chloride, giving the appropriate 3-acyl-2-alkylbenzofurans.51.54 gut acetylation of 2-
phenylbenzofuran yielded a mixture of 3-acetyl-2-phenyl and 6-acetyl-2-phenylbenzofuran, as well 
as 3,6-(liacetyl-2-phenyl benzofuran.55 When 7C-donating groups such as methoxy group attached 
to the benzene ring of benzofuran, they facilitated, however, formylation to the benzene ring itself. 
For this reason, Vilsmeier-Haack formylation of 4,6-dimethoxybenzo-furan was known to afford 
the 7-fonnyl compound, and Friedel-Crafts acylation of the same compound gave the 7-acetyl 
product, as expected.56 
OMe OMe 
j o 3 
CHO 
OMe OMe 
r f V \ znci2 1 r f W 
MeCOCl M e O ^ ^ j ^ O 
COMe 
These acylation patterns of alkylbenzofurans seem to be due to the contribution of the 
resonance structures 35 a-f, especially 35 a-d. In our particular case, the important resonance 
contributors are as follows (36 a-d). 
32 
^ - o ; ^ C O - - 0 0 ⑵ 
1 35a 35b 35c 35d 35e + ^ + 
OMe OMe ^ ^ + OMe 
3 “ 36 b 
OMe OMe ^ ^ OMe 
36c 36 d 
Considering the characteristics of the classical acylation methods, we thus chose Vilsmeier 
reagent to introduce a foraiyl group to the C-3 position of compound 45. The synthetic route is 
depicted as below. 
Scheme VII 
CHO CHO CH=CHCOOMe I Br2 H02CCH2C00Me(38) 丄 f ^ MeC02H ^ ^ ^ pyrrolidine f ^ 
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OH NH4C1，H20 Ah OH 
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42 43 
33 
1 . . . . 
回 + 回 i S ^ 
OMe OMe 44 
OMe OMe 4 5 
This avenue was first explored by protecting the phenolic group in compound 41 with acetyl 
group. The cuprous acetylide 43 was prepared as reported.57 After repeated trials of the coupling 
reaction between 28 and 43’ we realized that during the process of preparation of cuprous 
acetylide 43，the acetyl group in compound 42 was removed completely via hydrolysis by 
ammonium hydroxide to form the dicuprous salt 43. The yield of this coupling reaction to form 44 
was unfortunately quite low and only a yield of 5% was obtained, presumably due to the result of 
poor solubility of compound 43 in pyridine. 
Compound 44 was subsequently converted to 45 by treatment with lithium aluminum hydride 
in tetrahydrofuran. Both structures of compounds 44 and 45 were confirmed by ^H-NMR and 
13C-NMR，as well as by computer simulation methods. 
A: simulated spectrum B: true spectrum 
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A: simulated spectrum B: true spectrum 
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Simulated spectrum and true spectrum of compounds 44 and 45 
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Table III 
二• _ 5 ppm (coupling constants Hz) 
44 CDCI3 6.86 6.95(7=0.4) 6.99 (7=8.1) ；ir^O^irTlG— 
H-3 H-6 H-5， H-4 H-2, H-6， 
45 CDCI3 6.64(/=1.2) 6.81 6.97 (/=8.0) 6.98 (/=1.2) 7.37 (7=0.7) T ^T i s oT i J 
H-4 H-3 H-5， H-6 H-2’ H-6， 
As depicted in Table III, the three aromatic protons of compound 44 (H-5，，H-2，，H-6") 
exhibit ABX absorptions (5 6.99，7.36, and 7.40), and the two aromatic protons (H-6, H-4) 
absorb with an AB pattern (5 6.95，7.31) in the ^H-NMR spectrum illustrated above. Similar 
observation in the ^H-NMR spectrum of compound 45 has also been found for H-2，，H-5，，and 
H-6，in an ABX absorption pattern (5 6.97，7.37，7.39), as well as H-4, and H-6 [AB absorption 
pattern (5 6.64，6.98)]. 
A normal Vilsmeier procedure's unfortunately gave regiospecificaUy only compound 46 as a 
yellowish solid, m.p. 161.5-162'C. 
CHO 
OMe OMe ' J ^ e ‘ OMe 
. 4 5 46 
The mechanism for this Vlismeier reaction was proposed as follows: 
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The structure assignment of compound 46 can be made by ^H-NMR, ^^ C-NMR and 2D H^-
1H NOESY spectrometric studies (Figure 8). In the ^H-NMR spectrum, we note that some of the 
aromatic signals have changed, i.e. the ABX pattern of the C ring still remains, but the two doublet 
signals of A ring become a singlet (H-6). The chemical shift of H-6 remains unchanged even 
though there is an aldehyde group substituted at the C-4 position. Furthermore, the significant 
down-field shift of the proton absorption of H-3 (5 7.68) in compound 46, compared with the 
corresponding hydrogen (5 6.81) in compound 45 might be attributed to the result of anisotropic 
effect of the aldehyde carbonyl group at C-4 position. The ^^C-NMR spectrum of compound 46 
also supported this structure by exhibiting the expected signal for the aldehyde carbon at 188.02 
ppm. 
As can be seen from the 2D-N0ESY (Figure 8)，the proton (H-3) is correlated with the 
protons H-6,, H-2，as well as the aldehyde proton (5 10.47) substituted at the C-4 position. These 
correlations are reasonable considering the spatial distance of these protons. Correlation of H-6 
with the methoxy (a) group and the protons of the side chain (C-8) is also observed. All these 
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evidences supported the given structure 46. 
In addition to the spectrometric data, the structure 46 can also be confirmed by spectral 
simulation. The three aromatic protons show ABX absoiption pattern (5 6.99，7.36, and 7.48 
corresponding to H-5，，H-2，and H-6，，respectively), and the two single peaks were the proton 
absorptions of H-6 and H-3. According to this assignment, the simulated spectrum was almost 
completely identical-with the real ^H-NMR spectrum of compound 46. 
A: simulaed spectrum B: true spectrum 
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Simulated spectrum and true spectrum of compound 46 
Examining the proton spectrum of compound 45 reveals that the hydrogen (5 6.64) 
connecting to C-6 is more shielded than the hydrogens (5 6.81，6.98) at C-3 and C-4 (Figure 9). 
As a result, the electron density at C-6 is considerably higher than those of C-3 and C-4, without 
considering other factors which affect the chemical shifts of protons. If this is the case, the C-6 
position would be more reactive towards formylation and the substitution at C-3 would be 
somewhat difficult. 
Figure 9: ^H-NMR spectrum of compound 45 
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Havmg tried unsuccessfully to selectively mtroducc a formyl group to the C-3 position, we 
reason that the attack of electrophiles at the C-4 site of compound 45 is due to the mcthoxv .roup 
at C-7, which assists the substitution at its para position. In order to introduce a tbnnyl 卵 p to 
the C-3 position’ two points should be considcrtd: One is trying to decrease the electron-dcnsitv of 
A-nng to make the C-3 position comparably dectron-richcr than the C-4 and 0 6 positions: the 
other is using less stericaUy hindered formyladng reagent to make the reaction much easier to 
proceed. It is known that 2-phenyl substitution causes steric hindrance to the C-3 position of 
benzofurans.50 Therefore, if the electrophilic reagent is bulky, it will be unfavorable for C-3 
position substitution. After considering these facts, we revolve to the use of compound 44 as 
substrate. Chemically，the •unsa tu ra t ed ester attached at C-5 in 44 is dec咖withdrawing, and 
will decrease the electron density of A-ring. Consequently, the C-3 position is electron-rich, us 
compared to the C-4 and C-6 sites, by comparing the chemical shifts of the corresponding protons 
outlined in F i g u r e 10’ the absorption of 5 6.86 is due to H-3. and the peaks at 5 6.95 and 5 7.31 
correspond to H-6 and H-4, respectively. 
Figure 10: ^H-NMR spectrum of compound 44 
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Since Gattermann reagent is of relatively smaller size and with comparatively stronger 
electrophilic character than the Vilsmeier reagent, it will be suitable for introducing an aldehyde 
group to the C-3 position of compound 44. 
Before the regioselective result of Gattermann reaction is presented, it is worthwhile at this 
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point to give a brief account for the mechanism for Gattermann reaction. Gattermann developed 
two methods for the introduction of an aldehyde group into aromatic compounds. The first is 
known as the Gatteimann-Koch reaction which is not useful for the preparation of aldehydes from 
phenols or phenolic ethers.59 However, the second procedure employs a mixture of hydrogen 
cyanide and hydrogen chloride with or without a c a t a l y s t .55 this procedure pemiits the introduction 
of an aldehyde group into phenols, naphthols，and other electron rich aromatic compounds. A 
modification of this method, which is described by Adams^O and his coworkers, employs zinc 
cyanide as both a convenient source of anhydrous hydrogen cyanide and as a catalyst. When 
hydrogen chloride is introduced into the reaction mixture, hydrogen cyanide and zinc chloride are 
formed in situ, Polyhydric phenols such as resorcinol and polyroglucinol as well as some electron 
rich aromatic compounds do not even require a catalyst.^^ 
The mechanism of the Adams reaction appears to be complex. Hinkel and his coworkers have 
presented evidences indicating that the mechanism may vary with the nature of compounds and 
with the reaction c ond i t i o n a l In any event, the reaction apparently proceeds by the formation of 
the conjugated acid of hydrogen cyanide (HC sNH^cr )，which, with the aid of a catalyst, can serve 
as a substituting agent in reaction which is presumably similar to the Friedel-Crafts a c y l a t i o n .55 
Certain reactions, however, proceed without the aid of aluminum chloride or other c a t a l y s t . 5 5 
Because the electrophlic agent ( H C aNH^Cr) i s of comparatively smaller size than the Vilsmeier 
reagent, it will be suitable to attack the C-3 position of compound 44. Under Adams formylation 
condition, as expected, we obtain the right regioselective formylation compound 47 (56%) with a 
small amount of what is presumed to be C-4 formylation product 48 (8%), which was not isolated 
and identified. The proton NMR spectrum of compound 47 exhibits absorptions at 5 3.83 (s, 
3H)，4.02 (s, 3H), 6.12 (s, IH), 6.49 (d, /=15.9Hz, IH), 7.04 (d, /=1.2Hz, IH), 7.08-7.44 
(ABX，/i=8.2Hz; /2=1.7H z ; /3=0.8H z , 3H ) , 7.79 (d, /=15.9Hz, IH), 8.02 (d, /=1.2Hz, IH) 
and 10.30 (s, IH). 
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The Structure of compound 4 7 is confirmed by ^H-NMR spectrum and 2D NOKSY 
(Figure 11). In the ^H-NMR spcctnim�the ABX absorption pattern of the C-ring unci AB 
pattern of the A-ring still remain. Examining the 2D iH-^H NOESY njvcaU that the aldehyde 
proton is coirelatcd with the proton of the C-ring (ABX pattern). This structure Ls also corifimicci 
by computer simulation. 
Figure 11: iH-NMR and 2D NOESY spectrum of compound 47 
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After the proper n1ethod for introl'iuc\tli t\ fum~~ l ~TOUp to the C-J p~)shlt)n of l'unlp"""" .. " 
was developed. we set forth to prepare our tnJ"lt"t n't)l~lll~ 18, 
Initially, using n reducing ngent by protecting the uJdchydc group~ tticd tu \-~)nv~t' th~ t~,t\ 
unsaturated ester, the side chuin of conlpound .. 7 ~ to l\ snturntcd hydl"~YPt\'llyl slllc ~~h"l" . 
However, treatment of c0t11pound .. 7 in retlux henlOne in the p,~sen,"~c of l.:' -Il(,)pnn~dlul t~nd I 
toluenesulfonic l\cid Cllused deCOQlposition of this ~Ott\poul\d. Kl\owin~ thut un nt\nlY~ ,'f .\ 
fonnylbenzofumn had been reportedly obtained vin oxidation of the :\ ·bcnl,ot\.rllnyll\l~llhul~ l , \'1 





OH 1) LIAIH .. , fr 11 F HO 
2) HlSO~ .. 011 
Even though this transfonnntion was successful, selective proteetion of tho hydl'O)tY I!!n-)UPS ut 
hydroxymethyl at C-3 and of the chtlin at C-S posit.ions in compound 4~ wus not cuslly "thieved. 
In order to continue our invesulgntion, it was of prit11LU)' importance to gct the relndvcly IUl' 
amount of key intennidiate 44, in view of low yield of coupling rcuctlofl to tom the ctlmp()unu 44 
owing to the low solubility of the dicuprous suit 43 in pyridJne. p-rhcretore, it wus ,JcshJuhlc it 
choose other protecting group for 41 in order to enhtulce the yield of the coupllnu J'enctit>n. 
Fortunately, this disadvantage of solubility had been overcon1c by protecting the phenolic ~"O\:lp 
with benzyl, considering its lipophilic property llnd eusily removllble virtue. In thiN t11UtHlcr. lh 
sparing solubility of cuprous salt 43 in pyridine wus prevented by protecting the phcI10lic hydl'f)Kyl 
group. As a result, a significantly improved yield of 54 (65%) was eventuuUy achieved. fJ'hc I~t)ut . 
for the total synthesis of compound 18 is shown below. 
Scheme VIII 
COMe COMe ~CI.C II<':IIO Ql PhCH1Br 
K1COJ Ql 1) POtl" OMF Ql 
DOMe (Me(CHlh)4Nt OMe 2) NH4C1, N,1I0AI:" OM 
OH TH,F, 820/0 OCloI1I'h lilO, 63 ~ ()CII.,I'h 
HlO 
39 SO 51 
43 
NaOH 义到 H CsCCu 
dioxane CuSCV SH2O 
0CH2Ph 72% OCH^ Ph 
52 5 3 
CH:CHCOOMe O 
OH OMe OMe 
28 54 
O 
H2, Pd-C LiAlH 
THF, 92% ‘ th/-
OMe OMe 82% 
55 
^ ^ AC2O 
OMe OMe OMe OMe 
45 56 




OMe OMe Q^g OMe 







A key f e a 咖 of this syn^edc program is the conven.onal coupUng .eacdon based on 出e 
egonol synthesis 咖_48 聰 ace^Ude 53 and aryl bro恤e 28. „ . 
~ 虹 5 4 wi出彻 des础 skeleton. Compound 54 fonns a wM. solid ( . o . 
~ 二 二 饥 . p r o 咖 NMR s p e c輸 of 54 e麵 t s at 3 3.82 (s. 
二 (s’ 扭 )， ( s ’ 2H)’ 6.41 ( d ，糾戰 IH). 5.88 (s. IH). 6.94 (d, 
- = ’ h ' . . (s’ IH)’ 7.32-7.44 (m’ 7H). 7.45 (d’ 树 是 ’ IH). and 7.77 d 
/=15.9Hz, IH). (Figure 12) 
Figure 12: ^H-NMR spectrum of compound 54 
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The synthesis of compound 54 could be achieved by the following steps. Compound 39 
which was first protected with benzyl group to give compound 5062 and then by a Vilsmeier 
reaction63 to give the p-aryl-p-chloroacrylaldehyde 51 which yielded 52 on treatment with hot 
aqueous b a s e .63 The cuprous acetylide 53 was obtained from acetylene 52 by treatment with 
oipric sulfate and hydroxylamine hydrochloride in ammonium hydroxide;: The aiylpropionate 28 
was prepared from 5-bromovanillin 37^4 through a Doebner-Knoevenagel reaction65 with 
monomethyl malonate ester 38 (Scheme VII).66 Coupling in pyridine solution under nitrogen 
atmosphere of cuprous acetylide 53 with bromophenol 2 8 yielded compound 
45 
f 
^ Hydrogenolysis of 54 provided phenol 55^7 which underwent hydride reduction to gwe the 
alcohol 45.63 Alcohol 45 was convened to acetoxy compound 56 by treatment with acedc 
anhydride in pyridine. Subsequent selective deprotection of 56 in an^onia solution gave the 
phenol 57. regioselective introduction of an aldehyde group to the C-3 position of 57 was 
eventually achieved by a Gattennann reaction胡’ which yielded 58 (51%) and the presumably C-4 
fonnylation product 59 (8%) in the ratio 7:1 according to the iR-NMR spectral analysis. (Figure 
13). 
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Finally，hydrolysis of 58 provided our target molecule 18 as yellowish amorphorus solid, 
m.p. 11-11SC (from ethanol-water), which is spectrometricaUy identical in all aspects to the 
natural XH14 (F igure 14). The IC50 for the adenosine receptor binding assay reveals that the 
bioactivity was 17nM (natural) and lOnM (synthetic), respectively, in the bovine adenosine A! 
radioligand binding test.l3. Thus, compound 18 was confirmed as XH14 by a total synthesis. 
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Hav^g noted the high regioselectivity of the Gatte^ann reaction，it is appropriate to rdterate 
that this result is obtained through co.ect guidance by NMR spectral analysis. Presumably, a 
proton which is connected to a carbon of high electron-density always has small value of chemical 
shift. InthelH-NMR of compounds 7 (Figure 15), the chen^cal shifts of the protons connected 
to C-3 and C-6 are at 5 6.78 and 5 6.59，respectively. TMt is to say, the electron density at C-3 is 
lower than that at C-6 position. As a result of this feature’ the fonnyl group should enter the C-6 
position if electron density is the major factor for electrophilic subustitudon. However, proton 
chemical shifts are always effected by other factors such as ring currents. According to the 
chemistry of benzofuran, we believe that the electron density at C-3 carbon in compound 57 
should be higher than that at C-6, even though the proton chemical shifts ofH-3 and H-6 are not as 
expected. In order to solve this contradication, the technique of 13c-1h COSY is used, the result 
of this study supports unequivocally our prediction. As can be seen in the 2D 13c.1h COSY 
spectrum of compound 57 (Figure 15), the electron-density at C-3 is higher than that at C-6, 
even though the chemical shifts of H-3 and H-6 in the ^H-NMR spectrum are at 5 6.78 and 5 6.59, 
respectively. 
Figure 15: ^H-NMR and l^C-lR COSY spectrum of compound 57 
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Chemically，the coupling yield for the formation of compound 54 decreased if oxygen was not 
excluded during the reaction process. The major side reaction in this case was the formation of 
substituted 1,4-diphenylbutadiyne 60, the result was in agreement with the observation by Castro57b. Thus compound 28 coupled with 53 in pyridine gave the major product 54, as well as 
the compound 60 with varity amount as a result of different procedure. The compound 60 was 
then treated with pallidium under hydrogen to give compound 61. In view of the fact that the 
product 60 increased in the presence of oxygen, the coupling reaction must be earned out under 
nitrogen. CH=CHCOOMe C = CCu O 
灰 + 參 - 書 。 “ 
OH 0CH2Ph OMe OMe 
28 53 54 
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In the synthesis of XH14 (18), we have also tried to use unprotected hydroxypropyl 
compound 45 as a substrate for the Gattemiann reaction, the result nonetheless pointed out that the 
formylation at C-3 did not occur, only the formylated product 62 was obtained as a white solid, 
even though a large excess of Zn(CN)2 was used. This was mainly because the intermediate of the 
formylated product 62 was insoluble in ether and separated from the reaction system. So further 
formylation at C-3 position did not occur. 
1. Zn(CN)2 
OMe OMe H2O heat J ^ e OMe 
45 62 ‘ 
At this point it should be stressed that the C-3 formalytion proceeded in the absence of water or 
alcohol .60 This suggestion was proven by using the ether contaminated with water as solvent in 
the Gattermann reaction. Consequently, only trace amount of C-3 formylated compound was 
obtained. Considering this fact, we must take care to ensure the formylation reaction occur. 
Interestingly, if the phenolic group was protected as acetate 56, the formylation reaction did not 
proceed, even the reaction was carried out at room temperature. If the phenol group was protected 
with benzyl group (63), however, the reaction readily proceeded, and the benzyl group was 
removed under such reaction condition, resulting in the formation of 58. 
1. Zn(CN)2 
八 八 HCl, KCl CHO 
OMe OMe ^ O A Jmc OMe 63 58 
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TTie substrate of compound 63 could be prepared from compound 54 in two steps. Thus, 
reduction with hydride gave the alcohol 64’ which was protected with acetyl group by 
treatment with acetic anhydride in pyridine to give 63. In this way, compound 57 could also 




恥 A c 2 0 pyridine^ 
OMe OMe 64 
OMe OMe 63 
OMe OMe 57 
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2.3.1. Chemical Modi行cation of XH14 (18) 
In order to understand the structure-activity relationship (SAR) of XR,^ (18) with A^ receptor, 
we have carried out a systematic synthetic program which will provide more information. Based on 
the skeleton of XH14 (18), serveral related compounds have been synthesized. The ultimate goal 
of our synthesis is to investigate how the role of the formyl and the hydroxypropyl groups in the 
compound XH14 interacts with adenosine Aj receptor. 
(a) S yn t h e s i s of 3-hydroxyinethy!-5.(3.hydroxypropyl)-7 . inethoxy-2-(3'-
i n e t hoxy .4 ' . hyd roxypheny l) .benzo [^ ] fu r an (49) and 3.hydroxyinethyl.5-(2. 
methoxycarbonyle thyl).7-inethoxy.2-(3'-inethoxy.4' .hydroxyphenyl).benzo 
[办]furan (66) 
Hie first target was to convert the aldehyde group of XH14 (18) to a hydroxymethyl group. 
Due to the fact that an aldehyde group is prone to reduction with lithium aluminum hydride or 
hydrogenation with hydrogen on p a l l a d i u m ? Thus, compound XH14 was reduced by both 
methods at room temperature to afford compound 49 as a semi-solid. The desired compound 49 
was actually synthesized from 47 and was described before {vide supra). However, it can also be 
prepared from XH^^ (18). 
For bioassay comparison purpose, we also converted the aldehyde group of compound 65 into 
the corresponding 66 using the hydrogenation method While the synthesis of compound 65 will 
be discussed later (vide infra), 
.CHO 
1) LiAlH4, THF " s r ^ O 
2)H+ ,H20~ OMe OMe H2/Pd-C 
” 58% XHi4 (18) 
T V 
CH2OH .CH2OH 




O o if >CHO n CH2OH 
OMe OMe 82% OMe OMe 
65 66 
(b) Synthesis of 5.(2.carboxyethyl)-7.methoxy.2.(3'.methoxy-4'-hydroxy 
phenyl)-benzo[办]furan-3-carbaldehyde (67) 
Another target molecule was compound 67, which beared a carboxyUc acid as a side chain 
instead of an alcohol in XH14. Compound 55 was first treated with the Adams' r e a g e n t ^ O to 
regioselectively afford 65，then hydrolyzed with 2N sodium hydroxide in methanol, finally 
acidified to give compound 67 as a yellowish solid. The solubility of this compound in solvent 
(water/ethanol 95:5) was quite satisfactory for bioactivity test. 
O o 
1 M � M e e ™ d M e 
55 65 
O 
1. NaOH j f CHO 
75% OMe OMe 
67 
(c) Synthes i s of 5-(3-hy(lroxypropyl)-7-methoxy-3-methyl-2-(3'-methoxy-4'-
hydroxyphenyl)-benzo[Mfuran (68) and 5-(2-methoxycarbonylethyl)-7-methoxy-
3-methyl-2-(3'-methoxy-4'-hydroxyphenyl)-benzo[Zr]furan (69) 
The next target molecule was compound 68. As illustrated in Scheme X，hydrogenation of 
18 (XHi4) in the acidic medium yielded the 3-methyl substituted analog 68. This conversion 
probably resulted from acid catalyzed dehydration of compound 49, which was further 
hydrogenated to compound 68. This observation is in agreement with the notion that benzyl-type 
alcohol undergo hydrogenolysis readily and have often been reduced.^^ Also for the bioassay 
purpose, we transformed the aldehyde group of compound 65 to 69 with the same manner as for 
54 
I •“ 
the preparation of compound 67 mentioned above. 
Scheme X 
H2/Pd,C 八八八 .CHjOH 
OMe OMe X f e OMe XHI4 49 
+ 
CH2OH2 CH 
OMe OMe q M c + OMe 
A H2/Pd，C CH3 
OMe OMe 
O 
OMe OMe J ^ e OMe 
65 69 
(d) Syn the s i s of 5-/rfl7is-(2-carboxyethylenyI).7-methoxy-2-(3'.methoxy-4'-
hydroxyphenyl)-benzo[^]furan-3-carbaldehyde (70) 
Knowing the fact that the benzyl group in compound 63 could be removed under Adams, 
formylation (yide supra)，we were thus ready to test the viability of this synthetic strategy. Using 
compound 54 as a substrate, compound 47 was prepared likewise (Scheme XI)，which was 
then hydrolyzed with 2N sodium hydroxide solution, and was followed by acidification with IN 
hydrochloric acid to afford 70 as a yellowish solid. This route was useful for the synthesis of 
analogs containing an a,p-unsaturated side chain. 
Scheme XI 
O 





o M p r A ^ ^ ^ ^ N ^ ^ ^ ^ C H O 1) 2N NaOH 义 CHO 
OMe OMe I ^ OMe OMe 47 70 
� Synthesis of 4-bromo.5-(3.hydroxypropyl).7-niethoxy.2.(3'-inethoxy.4'. 
hydroxyphenyl).benzo[^]furan .3-carbaldehyde (72) 
After converting the aldehyde group of XH14 (18) to the corresponding methyl and 
hydroxymethyl group, respectively, it is found that the bioactivity has almost completely lost (vide 
result suggests that the aldehyde group at the C-3 position in compound XH14 is 
necessary to maintain the bioactivity. In view of this point, the functional group of carboxyHc acid 
should be chosen as a substituent, owing to its similar electron character and structural feature to 
aldehyde. 
During the course of this transformation, we found that it was necessary to choose a suitable 
reagent to oxidize the aldehyde group in compound XH^ to carboxyUc acid. Several methods 
which had been proved to be effective for oxidation of an aldehyde to a carboxylic acid, such as 
manganese dioxide (active) in the presence of c y a n o h y d r i n ; 7 0 sodium chlorite in the presence of 
various chlorine scavengers;'^! selenium dioxide in a solution of 90% hydrogen p e r ox i d e ;72 as well 
as the use of chromium trioxide-pyridine complex as oxidizing reagents,failed in this particular 
requirement, owing presumably to steric hindrance of the 2-phenyl group. Taking this into 
consideration that in radical oxidation process, steric factor would be less important, we imagined 
that radical mediated oxidation using NBS and AIBN as reagents would be an efficient and 
versatile method for the transformation of aldehyde to acid.74 
Compound 71 was then chosen as a substrate for the radical mediated oxidation. Following 
the reported procedure,compound 71 was treated with iV-bromosuccinimide (NBS) in the 
present of azoisobutyronitrile (AIBN), and then decomposed with w-butylamine, and was finally 
hydrolyzed with 2N sodium hydroxide (Scheme XII). The result showed that this method was 
unsuccessful for the transformation of an aldehyde to an acid. The only separable product was 4-
bromo substituted compound 72 in a meager yield (5%). 
56 
Scheme XII 
OMe OMe X l e OMe 
S8 71 
Br 1) NBS, AIBN, benzene w n ^ ^ X / O k ^ C H O 
2) NH2CH2CH2CH2CH3 
3) 2N NaOH then HCl ^ y ^ O 
OMe OMe 
72 
(f) Synthesis of 4-acetyl.5-(3.hydroxypropyl).7.methoxy-2.(3'.methoxy.4'. 
hydroxyphenyl).benzo[^]furan (73) and 3-acetyl-5-(3-hydroxypropyl)-7-
methoxy.2.(3'-methoxy.4'.hydroxyphenyl)-benzo[^]furan (75) 
Failing to convert directly the aldehyde group to a carboxyHc acid in compound XH14, we had 
to carry out an indirect strategy to realize our goal. According to a known p rocedu r e ,35 2-(4'-
methoxyphenyl).3-acetylbenzofuran which underwent iodoform reaction, was smoothly 
transfeired into a carboxylic acid. 
COMe COOH 
Following this idea, we envisaged that if we could regioselectively introduce the acetyl group 
to the C-3 position of compound 57, which underwent similar iodoform reaction, our target 
molecule could be obtained. In practice, treatment of 57 with acetyl chloride in the presence of 
aluminum chloride as a catalyst^ O, a mixture of compounds were obtained. This mixture was 
treated with IN sodium hydroxide in methanol-water solution, and was then extracted with 
chloroform, and acidified to give compound 73 in a low yield (ca. 4%) (Scheme XIII). 
Scheme XIII 
1) MeCOCl, AICI3 
CH2GI2, 0°C COMe 




Two reasons for this regioselective problem are perhaps quite similar to the Vilsmeier reaction 
for the preparation of compound 46. ITiey are the steric hindrance of 2-substituted phenyl and the 
buUdness of the Friedel-Crafts reagent would account for this result It is known that some 2-
substituted-3-acetylbenzofurans have been prepared by using acetic anhydride in the present of 
phosphoric acid as a catalyst53. In view of this point, small and less potent reagents would favor 
the introduction of an acetyl group into C-3 position of compound 45. Thus, acetic anhydride in 
the presence of phosphoric acid as a catalyst53 was chosen as an electrophiHc agent because of its 
rather mild potency. First, substrate 45 was dissolved in absolute acetic acid, then acetic 
anhydride and 85% phosphoric acid were added at room temperature. Finally, the^mixture was 
heated at lOOSC for 2 hours. The solvent was subsquently evaporated and the residue was passed 
through a silica gel column to remove the phosphoric acid (Scheme XIV), the raw material was 
further purified by chromatography to get purified compound 74. The experimental result showed 
that the regioselectivity was opposite to our prediction, the major product being compound 74. 
Consequently, compound 74 was hydrolyzed with sodium hydoxide in methanol, and the mixture 




^ Y ^ o ^ ^ H3PO4, 1000c, 
(We OMe 2 hours, 65% 
45 
f M e 1) NaOH ？^^^ 
OMe OMe OMe OMe 74 73 
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Figure 16: iR-NMR of compound 74 
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Fortunately，when we separated compound 73, the C-3 acetylated compound 75 was also 
obtained albeit in only low yield. This amount was however sufficient for the radioligand binding assay. The structure of 75 could be comfirmed by ^H-NMR and 2D IR-I h N O E S Y methods. In 
IH-NMR spectrum (Figure 17)，two dd peaks (H-4 and H-6) and ABX splitting pattern (H-2’， 
H-5，and H-6’）were observed. In the 2D-N0ESY, the methyl group of the acetyl shows an 
obvious correlation with the hydrogens of C-4, C-2，and C-6，owing to the spatially close 
distance. Similarly，the hydrogen of C-6 exhibits a correlation with the methoxy group (OMe^ ) and 
a correlation of hydrogen (C-2’）with the methoxy group (OMe^ ) is also observed in the spectrum. 
Figure 17: ^H-NMR spectrum and 2D-N0ESY of compound 75 
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Simulated and real spectra of compound 75 
In order to test the possibility of transferring the functional group of an acetyl into an acid by 
iodofonn reaction, we used the compound 74 as a model. Thus, treatment of compound 74 with 
60 
the potassium iodide/iodine in NaOH76 caused completely decomposition, ^ s is mainly due to 
the fact that the free phenolic group could not sustain iodine oxidation in basic condition 
Alternatively, we protected the phenolic _ p with benzyl, and the fonned compound 76 was 
expected to be suitable for such iodoform reaction. 
Interestingly, when we treated the compound74 with benzyl bK,nnde in the presence of phase 
transfer reagent and potassium carbonate as base in aqueous tetrahydrofuran at 80^, the phenolic 
acetate 74 was first hydrolyzed, and was then pix)tected with benzyl 啊p . TT.e acetate of the 
alcohol on the side chain nonetheless still remained intact. All attempts to convert the ketone 76 to 
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(g) Synthesis of 3-nitro-5.(3.hydroxypropyl).7.inethoxy.2-(3'-methoxy-4'. 
hyclroxyphenyl).benzo[^]furan (77) and 4.nitro-5.(3.hydroxypropyl).7.inethoxy. 
2.(3'.methoxy-4'-hydroxyphenyl)-benzo[Mfuran (78). 
The pharaiaco-metaboHc result demonstrated that XH14 (18) was easily metabolized owing to 
its fragile aldehyde functional group. Furthermore, based on the result of the diminished 
bioactivities of the methyl derivative 68, the hydroxymethyl derivative 49, and the hydrogen 
derivative 45, we realized that an electron-withdrawing group at C-3 position might be essential 
for bioactivity. In view of this fact, we considered that a nitro group might be suitable, both 
electronically and spatially. At first, we tried to introduce a nitro group by a conventional 
n i t r a t i o n , 7 7 starting from compound 57. After nitration, however, we found that the reaction 
mixture was inseparable. Fortunately, treatment of this mixture with sodium hydroxide in methanol 
61 
afforded the separable compounds 77 and 79 rm . ‘ ^ r , , , 
P S / / and 78 [m a ratio of 3:2 according to iR-NMR result 
(Figure 18)] as yellowish solids (Scheme XVI). 
Scheme XVI 
OMe OMe NO2 
A c � ^ ^ ^ ^ ^ ^ ^ ^ ^ � ” 
OMe OMe 
八 A A 7NO2 NO2 
OMe OMe T " OMe OMe 
” 78 
The total yield was a meager 34%. The structures of both compounds were confmned by iR-
NMR, 13c:-NMR’ and computer simulation methods. It was interesting to note that both 
compounds have a same antagonistic binding level as and possessed much better ami. 
metabolic property. 
Figure 18: ^H-NMR spectrum of compounds 77 and 78 
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Simulated and true spectra of compounds 77 and 78 
The drawback of the above nitration reaction wa§ the poor regioselectivity and low yield owing 
to the comparatively high reactivity of substrate 57. In order to improve the result of 
regioselectivity, as well as to enhance the chemical yield, we chose compound 63 as a substrate in 
the hope that less reactive substrate would give better results of both regio and chemical yield. The 
result was gratifying in that only the desired product 79 was obtained in 67% yield. Compound 
79 was then reductively cleaved to give 80, which was hydrolyzed to provide the final product 
77 . 
Scheme XV. 
A c o ^ x / s ^ g j ^ y ^ ^ o c . AcOH，HNO3 
^ ^ 0�C 67% 
OMe OMe 
63 .NO2 NO2 





(h) Synthesis of 5.(3-hyclroxypropyl)-7-methoxy.2.(3'.methoxy.4'.hydroxy 
phenyl)-3-(a-hy(lroxyethyl)-benzo[^]furan (81) 
Our next target was the tide molecule 81. The purpose of this transformation was to investigate 
the Ai affinity change when the aldehyde group was converted to an a-hydroxyethyl group. We 
thus treated compound 71 with methyUithium, and then hydrolyzed with 5% sulfuric acid to give 
the final product in 85% yield. 
OH 
八 八 八 yCHO 1) LiMe, THF 乂CH-CH3 
OMe OMe X l e OMe 
U 81 
(i) Synthes i s of S-(3-hydroxypropyl)-7-methoxy-2-(3，-niethoxy-4，-benzyloxy 
phenyl).benzo[Mfuran-4-carbaldehyde (82). 
In the preparation of compound 58 form 63, we observed that the benzyl group was removed 
under the Gattermann formylation condition. In order to see whether or not the benzyl group 
would be cleaved under the Vilsmeier condition, we used conpound 64 as a substrate to cany out 
the reaction. The result showed that the benzyl group remained intact after the reaction. 






2A Structure-activity Relationship of A^ Antagonists 
THe last decade has seen an exponential increase in the number of publications related to the 
role of both adenosine and ATP in mammalian tissue function, a level of interest that has evolved 
ftom a mox^ molecular form on the identity of adenosine and ATP receptor subtypes. A major 
advance in the adenosine r^eptors field was the observation that e咖cellular adenosine receptors 
could be divided into two major subclasses � a n d and A! and A^ receptors were originally 
defined in terms of their opposite effects on adenylate cyclase, wi th�receptor activation causing 
inhibition and A^ receptor activation causing stimulation of the enzyme. 
Another development that has facilitated the study of adenosine stmc咖-activity relationships 
is the advent of binding assays for the adenosine � a n d A^ r e c e p t o r s，C o m p咖 d to other in 
or in vivo measures of receptor affinity, binding assays have the advantage of being 
insensitive to many confounding influences, including differences in intrinsic activity, differences 
in phannacokinetics, and the existence of extraneous postreceptor effects, such as inhibition of 
adenylate cyclase via the intracellular"? site”,� 
Work by Bumstock and KennedySl on the phenomenon of "non-adrenergic, non-cholinergic" 
neuromodulator led to the identification of ATP as a primary mediator. However, the putative 
second messenger, cyclic AMP (cAMP) is fomied by the action of the enzyme, adenylate cyclase 
from adenosine triphosphate (ATP), and is degraded by a group of enzymes, such as the cyclic 
nucleotide phosphodiesterases (cPDEs).80 Tissue cAMP levels can be elevated by either de novo 
synthesis involving receptor-linked adenylate cyclase activation,82 prevention of breakdown by 
inhibition of cPDE activity or a combination of both activities. Adenosine can be released from 
brain slices in response to electrical s t i m u l a t i o n 8 3 and, as noted, can elevated tissue cAMP levels 
via activation of adenylate cyclase.84 
Adenosine antagonist possessing selectivity for adenosine receptor subtypes only appeared 
within the last decade. The synthesis of S-phenyltheophylline (8-PT; Table IV), a xanthine with 
selective activity as an adenosine antagonist, provided the basis for a considerable effect in modify-
65 
ing the basic xanthine nucleus.35 8-PT was A, selective yet 100-fold more active at this .ceptor 
than the parent compound, theophylline. As the A, activity was only ino^ased 16.5顿(Table 
Based on the 1,3-dipropyl modification of the xanthine phannacophor., a large number of 8-
phenyl substituted xanthines had been synthesized and studied for activity in ntro.^6 Somc of them 
had an obvious advantage over xanthine itself. For exemple, PACPX, the 8-(2’-amino-4’-
chlorophenyl).l,3.dipropylxanthine is a landmark compound in the synthetic effort of xanthine-
denved adenosine antagonists owing to its high affinity and excellent selectivity compart to S-FT 
(see Table IV).87 Substitution of a cyclopentyl group for phenyl at 8-position in CFTSS is another 
breakthrough for its increasing activity at the A^ receptor approximately eightfold while decreasing 
activity at the A^ receptor nearly twofold, resulting in a compound with high affinity for A! 
receptor yet 127-fold selective as compared to the 10-fold selectivity of 8-Fr； but as for CPX, a 
dipropyl analog of CPT, is some 10-fold more active than at both receptor s u b t y p e s . ^ 
TTiis kind of compounds have, however, low solubility in water, so the 8-substimted xanthines 
have been further modified in order to increase the activity and s o l u b i l i t y .卯 
0 R , 
1 R2 Table IV activity and selectivity of modified xanthines^^ 
compound R, R^ R3 R4 � _ A^ (nM) A^/A, 
IC50* IC50* 
Theophylline melhyl methyl "^eUiyl H 5^55^1^ ，^— 
J ' ^ l ^ methyl methyl H pheny 86 848-100,10010 10,000 
I^ALFX Ai-propyl /i-propyl H 2-amino^- 0.3-2.5 92-100 37.3333 
chlorophenyl 
CPT methyl methyl H cyclopentyl 11 1400 127 
CPX n-propyl /i-propyl H cyclopentyl 0.9 140 155 
BW-A844U n-propyl 3-amino-
phenethyl H cyclopentyl 0.23 2000 8700 




Table V SAR for Triazoloquinoxalinaminesl^a 
compounds R, r^ p „ *, ^^ * 
1 R3 Kj (nM) ratio 
Ai A2 A2/A1 
力py j H H i5oo i 
3' ' r f “ ethyl 240 4200 175 
I 产 yl H ethyl 8,900 18 800 21 4 cyclopentyl H H I8I = g f cycjopentyj H methyl 34 2:700 79 
^ cycopentyl H ethyl 38 3 000 107 
1 cy，nty H , propyl ‘ 39 Tlb.lOO >182 8 cyclopentyl H CF3 7.3 1,010 138 
2 cyclobytyl H ethyl 58 1 710 90 ； cyclohexyl H ethyl 80 m ？0 
Ai binding of [3h] cyclohexyladenosine (CHA) to rat brain membranes and A: binding of 3[H]-5'-N-
’ [(Ethylcarbonyl) aminojadenosine (NECA) to rat striatal membranes was performed. All values are means from three 
or more independent experiments. 
P � 
triazoloquinazolines 
Table VI SAR for triazoloquinazolinesl9b 
compounds R! R^ A! IC50 1匚50_* A^ /A, 
^ ^ ^ 21 “ 330 Ki6 
2 NH2 H 38 27 0.71 
3 N(CH3)2 CI > 10,000 > 10,000 
4 NHCH3 CI 86 61 0.7 
5 NHCH(CH3)2 CI 22 179 8.2 
6 NH2 OH 9.5 5.5 0.85 
Ai binding of [^H] CHA to rat brain membranes and A � binding of [^H] NECA to rat striatum. 




Several classes of non-xanthine compounds have also been found to behave as adenosine 
antagonists in in vitro test procedure.l9 However, all of these compounds without exception, are 
nitrogen containing pyridine-based compounds and little is known of their structure-activity 
relationship within such non-xanthine or relationship between such non-xanthines structures and 
those of well-known active xanthines (see Table V and Table VI). 19 
XH i 4 is a benzofuran based compound extracted from the root of Danshen. It has a high 
affinity for the Aj receptor (iqo-lO nM), but a low affinity for A^ receptor (IC5o>10^ iM), and its 
chemical structure is non-xanthine, and non-purine like. In bioassay in vitro，it shows a selective 
Ai receptor antagonistic effect on the vas deferens of rats. Pharmacological studies indicate that 
XH i4 , as a novel selective receptor antagonist, has only a slight tachycardiac and hypotensive 
effects in normal rats in vivo. XH14 can, however, antagonize R-PIA-induced bradycardia, and 
hypotension. Our results also show that XH14 can decrease infarction size, mortality, abnormality 
in electro-cardiogram (ECG) and arrhythmia induced by coronary artery ligation. Our results 
suggest that XH14 is beneficial to myocardiac ischemia and arrhythmia. 
In the study of the bioactivity of XH14, Its solubility in water can be impoved by converting 
the phenolic group into a sodium phenolate, and the bioactivity in radioligand binding assay can be 
maintained. This phenomenon is different from the notion that in the series of 8-(4-
hydroxyphenyl)-xanthines when the sodium salt of 8-(4-hydroxyphenyl)-1,3-n-dipropylxanthine 
is formed, the A! antagonistic activity is decreased^^ 
Scheme XVII 
CsH. 顺2 ^ 
PACPX CPX 
OH 




• . • 
I .,.... 
Unhke the well-known A! antagonists which consist mainly of xanthine or other ni的gen 
contanung compounds’ XH,, is a benzofunm compound. Comparing the typical xanthines and 
nonxanthme A! antagonists including PACPX, CPX, 2-furyl-4-amino.8-hydroxy-
tnazolcxiuinazoline with XH^^ (Scheme XVII), the structural chamctcristics of these kinds of 
compounds can be divided into three parts. 
1. Electron rich fused five, and six-membered ring are the basic skeleton of A^ antagonists. 
Analysing the structural features of these compounds, it can be seen that the benzofuran nucleus of 
XH1 4 overlaps with the pharmacophore of the imidazopyrimidinc of xanthines and imidazo-
pyridine of triazoloquninazoline. 
2. The phenyl group of XR,^ or PACPX can overlap with the cyclopentyl of CPX, and the furyl 
of triazoloquninazolines. These aryl- or alkyl- groups support the premise that these substituents 
can be used to enhance binding to the A! receptors. 
3. The side chain length in this series of compounds is critical for A! rcccptor affinity and 
selectivity. A three or four carbon chain extension is optimum for �rec ep t o r interaction, giving a 
moderate Aj-selective compounds.89 Comparing the structural features of non-xanthinc A! 
antagonists, 3-furyl-4-amino-8-hydroxy-tria2oloquinazoline [the most active non-xanthinc A! 
antagonist aC5o=9.5 nM)] with XH14’ the hydroxypropyl group attached at C-5 in XH14 is quite 
similar to the moiety of the three carbon unit of C^j^^ in the 4-amino-8-hydroxy-
triazoloquinozoline compound (Scheme XVII). 
Modification of XH14 at positions of the hydroxypropyl and the aldehyde has generally not 
resulted in potent Hgands. It has been found that any change of these two functional groups would 
lose the bioactivity drastically. In the backbone of XH14, substitution of bromine at C-4 position 
(Wz. 72) diminished the affinity strongly. 3-Position modification of XH14 could also be 
detrimental to activity, as illustrated by transforming the aldehyde at C-3 position to a hydrogen 
(Wz. 45), a hydroxymethyl (Wz. 49)，a methyl (viz. 68), as well as an a-hydroxy ethyl (viz. 81), 
respectively. The values of bioactivity are shown in Table VIL However, substitution of the 
aldehyde group with a nitro (viz, 77), the bioactivity level is slightly decreased. These results 
suggest that electron withdrawing groups would be necessary to maintain their adenosine 
antagonist property. Interestingly, when an aldehyde group is removed from the C-3 (XH14) 
69 
》, 
position to the C-4 site, the resulting compound 46 is not active. Furthermore, when the 
hydroxypropyl group is changed to a ^hydioxycarbonyl ethyl group (v/z. 67) or a methoxy-
carbonyl ethyl group (Wz. 65), the IC50 of the antagonist activities art changcd ftx>m 0.004 秘ml 
to about 10 Hg/ml and 0.2 UgAnl, respectively. When the hydroxy group in the hycirooxyprx>pyl 
moiety of XHi4 is protected with an acetyl group (Wz. 58), the antagonist activity is decreased 
about 100 times, this phenomena suggest that the hydroxy hydrophilic binding site in �rcccptor 






( T a b i e V n : 她 t o Bovine 
ICso Oig/ml) iCso Oig/ml) 
CHO 
" " ^ p C f ^ O H C X H . ) 0.004 o . 
OMe OMe ^^A/f. 
NO 
恥 ^ " " i Q l ：^ - (77) O.OOS 0.66 
S没e OMe X e � W e ^ CHO 
(7«) 0.01 (47) 2.2 
OMe OMe OMe OMe o � 
A c O ^ ^ n p C ^ O H 爛 0.1 - O - ' ^ - ^ p r ^ O H C . S ) 0.2 
OMe OMe OMe OMe 
a.) 0.： >1.0 
OMe OMe OMe OMe 
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OMe OMe ^ ^OMe CHO 
O � � M e X e � OMe • CN 
H O ^ ^ ^ r ^ O H (81) >.0 H O ^ ^ n p C ^ O H c.) 0.01 
X e W e OMe OMe 
(«) >1.0 (SO) >1.0 
_ OMe OMe OMe OMe 
O o c 
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OMe OMe OMe OMe 
* IC50 is defined as the concentration of drug required to inhibit specific binding of [^ H] PIA (2nM) by 50% to 





I ： ‘ 
I . , . . 
1 
• ‘！ • i 
2.5. Conclusion 
In the evaluation of the pharmacological profile of the aqueous extracts of Danshen, we have 
isolated an active component, namely 5-(3-hydroxypropyl)-7-methoxy-2-(3，-methoxy-4,-
hyciroxyphenyl)-benzo[^]furan-3-carbaldehyde (XH14), monitored by the adenosine A^ 
radioligand binding assay on bovine cerebral cortex membranes. Its structure is established by 
means of spectroscopic methods as well as by a total synthesis. Both the natuial and the synthetic 
compounds show a high affinity (IC5o=17nM and lOnM, respectively) in the adenosine A^ 
receptor binding assay. 
Based on the structure of XH14, totally nineteen analogs have been synthesized with the aim to 
study the structure-activity relationship of this kind of compounds' interaction with adenosine A^ 
receptor. The synthesis of compounds 47, 58, 65 and 70 with respective modifications on the 
side chain at the C-5 (XH14) is aimed at studying the importance of the hydroxypropyl moiety in 
the molecule‘ Another three compounds (75, 77 and 78) have been synthesized in order to inspect 
the function of an electron-withdrawing group at the C-3 position. The last part of analogs are 
compounds 49, 66, 68, 69 and 81, they have been synthesized with the puipose to investigate 
the effect of an electron-donating group at the C-3 site. 
In fact, the binding activities of some compounds toward adenosine Aj receptor can be retained 
as long as there exists a 3-hydroxypropyl group, the saturated side chain at the C-5 position 
(XHi4) and an electron-withdrawing group such as an aldehyde (XHi》，or a nitro group (viz, 
77). However, transformation of the aldehyde group from the C-3 position (XH14) to the C-4 site 
(v/z. 46)，as well as to the 2-carboxyethyl (viz, 67)，2-carboxy-rrfl似-ethenyl (viz, 70) and to 3-
acetoxypropyl (viz, 58) groups, respectively, decreases their ability in the replacement of H^-
phenylisopropyladenosine binding to the adenosine A! receptor on bovine cerebral cortex 
membranes. 
In conclusion, XH14 is the first non-nitrogen based compound, it has high A^ affinity in calf 
cortex and is comparatively soluble in water. The structure-activity relationship investigation 
indicates that the 3-hydroxypropyl and the aldehyde groups in compound XH14 are crucial to 
maintain the bioactivity. If the substituents at the C-3 position are an electron donating group, the 
bioactivity will sharply decrease, but the activity will be maintained if the C-3 position was 





： 2.6. Experimental Section 
画 
Solvents used were purified by standani procedures. All evaporation of organic solvents was 
- carried out by a rotary evaporator in conjunction with a water aspirator. 
Proton NMR spectra were recorded on a Bmker Cryospcc WM250 spcctromctcr operating at 
:250.133 MHz for protons and 62.896 MHz for 13c nucleus using 5mm o.d. tubes. TMS was 
used as an internal standard. Data processing for 2D experiments were earned out on a Brukcr 
ASPECT-3000 data system. Mass spectra were recoixied on a VG Micromass 7070F spectrometer. 
• Elemental analysis was carried out at Shanghai Institute of Organic Chemistry, Acadcmia Sinica, 
China. ‘ 
^ Merck silica gel (60 F254) precoated on an aluminum sheet was used for TLC studies and 
. M e r c k silica gel (70-230 or 230-400 mesh) was used for column chromatography unless stated 
^ otherwise. Melting points were measured on a hot-stage microscope and were uncorrected. 
I S-Bromovanillin (26) ^ m 
\ h a solution of vanillin (37) (100 g, 0.65 mol) in glacial acetic acid (200 mL), bromine (105 g, 
！ 0.69 mol) in glacial acetic acid (200 mL) was added at room temperature for 1 hour. BromovanilUn 
(26) was separated during the process. Water (50 mL) was added to the mixture and the solid was 
I filtered off, then recrystaUized from ethanol (95%) to give white crystals of 26 (125 g, 82%), m.p. 
^ 162-163SC. [lit^ m.p. 163-164SC] 
華 
• Methyl 3-Methoxy-4-hydroxy-5-bromocinnamate (28)於 
• 
I 5-Bromovanimn (26) (9.2 g, 0.04 mol), monomethyl malonatc (38) (9.6 mL, 0.08 mol) and 
I pyrrolidine (0.5 mL, 6 mmol) were mixed in dry pyridine (20 mL), and the mixture was heated at 
m 
I 100尤 for 6 hours, then was allowed to cool to room temperature. The solvent was removed in 
f vacuum and the residue was mixed with 2N hydrochloric acid (60 mL) and ethyl acetatc (100 mL). 
The organic layer was separated, first washed with brine (2x10 mL), then dried over anhydrous 
sodium sulfate. The solvent was evaporated and the residue was rccrystallized from 
chloroform/hexanes (1:1) to give the purified product 28 as a white solid (11.2 g, 98%), m.p. 
107-109SC: iR-NMR (CDCI3) 5 3.80 (s, 3H), 3.93 (s, 3H), 6.30 (d, /=:16Hz, IH), 6.95 (d, 
/=1.7Hz, IH), 7.30 (d, /=1.7Hz, IH), 7.54 (d, /=16Hz, IH); MS m/c 287 (M+). 
丨 7 3 
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Anal Calcd. f o rCnHiABr : C, 46.02; H, 3.86. Found: C, 45.98; H, 3.71. 
p-(3.Methoxy.4.hydroxyphenyI)-p-chIoroacrolein (40) 63 
To a solution of acetovanillone (39) (10 g, 60 mmol) in A/,N-dimethylformamidc (DMF) (80 mL) 
was added dropwise the Vilsmeier reagent [prepan^d by adding phosphorus oxychloridc (28 g, 
0.18 mol) to DMF (30 mL) at O^ C] at (TC during 20 minutes. The mixture was stirred at 60^ for 4 
hours, then poured into an ice-water solution (500 mL) containing sodium acetate (50 g). and 
ammonium chloride (60 g). The mixture was allowed to stand at rx)om temperature for 10 hours, 
and the separated solids were collected and purified by chromatography on a siUca gel column (70-
230 mesh, 100 g, chloroform/hexanes 1:1) to give compound 40 (9.5 g, 74%) as a yellowish 
solid，m.p.104-106 :^ IH-NMR (CDCI3) 5 3.96 (s, 3H), 6.22 (s, IH), 6.62 (d, /=6.9Hz, IH), 
6.98 (d, /=8.4Hz’ IH), 7.24 (d, /=2.2Hz, IH), 7-38 (dd, /i=8.4Hz, y2=2.2Hz, IH), 10.19 (d, 
/=6.9Hz, IH); MS mJe 212.5 (M+). 
Anal. Calcd. forCioHpC^Cl: C, 56.49; H, 4.27. Found: C, 56.61; H, 4.25. 
3-Methoxy-4-hy(iroxyphenylacetyIene (41) 63 
To a solution of sodium hydroxide (40 g, 1 mol) in water (250 mL) was added compound 40 
(21.2 g, 0.1 mol) in tetrahydrofuran (THF) (100 mL) with vigorous stirring at 80尤 during 1 hour. 
The mixture was stirred at room temperature for another hour, then THF was evaporated in 
vacuum. The water solution was acidified with 2N hydrochloric acid (550 mL) and extracted with 
ether (3x100 mL). The organic layer was washed with brine (2x50 mL), and dried over anhydrous 
sodium sulfate. The solvent was removed in vacuum, and the residue was passed through a short 
column (70-230 mesh, 100 g, ethyl acetate/hexanes 1:2) to give raw product (11.5 g), which was 
recrystaUized (ether/ hexanes 1:1) to give compound 41 (10.7 g, 72%) as a pale yellowish oil: H^-
NMR(CDCl3) 5 3.79 (s, 3H), 3.07 (s, IH), 6.82-7.12 (m, 3H); MS mie 148 (M+). 
Owing to its instability, its element analysis has not been obtained. 
3-Methoxy-4-acetoxyphenylacetylene (42) 
To a solution of compound 41 (7.4 g, 50 mmol) in pyridine (20 mL), acetic anhydride (7.65 g, 75 
mmol) was added. The mixture was stirred at room temperature for 6 hours, then the organic 






washed with brine (2x10 mL), and dried over anhydrous sodium sulfate. The solvent was 
evaporated in vacuum, and the residue was chromatographed on a silica gel column [70-230 mesh, 
100 g, ethyl acetate/hexanes (2:1)] to give the product 42 (7.79 g, 82%) as white solids, 
m.p.77.5-78.5SC: ^H-NMR (CDd^) 6 2.30 (s, 3H), 3.08 (s, IH), 3.81 (s, 3H), 6.98 (d, 7=8.3 
Hz’ IH), 7.08 (d, /=1.8Hz, IH), 7.09 (dd，/i=8.3Hz, /2=1.8Hz’ IH); MS mJe 190 (M+). 
Anal. Calcd. for C11H10O3： C, 69.46; H, 5.30. Found: C, 69.58; H，4.66. 
Dicuprous salt of 3-inethoxy-4-hydroxyphenyIacetylide (43)57 
A mixture of finely pulverized copper (II) sulfate hydrate (19.0 g, 160 mmol), and 28% 
ammonium hydroxide (116 mL) was stirred magnetically for a short time in a 2-L Erlenmeyer flask 
under nitrogen. After addition of distilled water (460 mL), hydroxylamine hydrochloride (16 g, 
0.23 mol) was added, the dark blue solution turned lighter and was cooled in an ice bath. After 
approximately 5 minutes, compound 42 (22 g, 116 mmol) in ethanol (550 mL) was added. Brown 
cuprous acetylide formed immediately, and the precipitate was filtered off, and then washed 
successively with water (5x100 mL), ethanol (5x100 mL) and diethyl ether (5x100 mL). The solid 
was dried for 4 hours at 65^ in vacuum in a rotary evaporator to give the product 43 (22.7 g, 
77.5%) as a brown solid. Compound 43 was used immediately in other cxperimentals and was not 
purified further. 
5-(2-Methoxycarbonyl-/rans-ethenyI)-7-methoxy-2-(3'-methoxy-4'-hydroxy 
phenyl)-benzo[办]furan (44) 57 
Compound 43 (4.2 g, 20 mmol) was dissolved in pyridine (100 mL) in a three neck-flask, and 
the reaction system was equipped with a nitrogen inlet and a reflux condenser connected to a 
glycerine trap, then was thoroughly flushed with nitrogen before use. The bromide 28 (5.8g, 0.02 
mol) which was dissolved in pyridine (50 mL) was added to the above cuprous pyridine solution 
with magnetical stirring under nitrogen. After the mixture was stirred at 120尤 for 10 hours, it was 
cooled to room temperature and evaporated to dryness in vacuum. The residue was dissolved in 
chloroform (150 mL), and the solution was first washed with IN hydrochloric acid (3x15 mL), 
then brine (2x15 mL), finally dried over anhydrous sodium sulfate. The solvent was removed in 
vacuum, and the residue was chromatographed on a silica gel column (25 g, hexanes/ethyl acetate 
1/1) to give a raw product, which was recrystallized from chloroform to give a white solid 44 (360 
75 
i 
mg, 5%), m.p.l34.135.5SC: ^H-NMR (CDCI3) 5. 3.83 (s，3H), 3.99 (s, 3H), 4.12 (s, 3H), 5.82 
(s, IH), 6.42 (d, J= 16.1Hz, IH), 6.86 (s, IH), 6.95 (d，/=L3Hz, IH), 6.99 (d, /=8.1Hz, IH) 
7.31 (d，/:1.3Hz’ IH), 7.36 (d, /=1.7Hz, IH), 7.40’ (dd, /尸8.1 Hz, /2:1.7Hz, IH), 7.97 (d, 
/=16.1Hz, IH). MS mie 354 (M+). 
Anal. Calcd. forC2oHi806： C, 67.79; H, 5.12. Found: C, 67.63; H, 5.04. 
5.(3.Hydroxypropyl)-7.methoxy-2-(3'.inethoxy.4'.hydroxyphenyl).benzo[^] 
furan (45)明 
To a suspension of lithium aluminum hydride (0.1 g, 2.9 mmol) in tetrahydrofuran (2 mL) was 
added the solution of ester 44 (0.2 g, 0.56 mmol) in tetrahydrofuran (2 mL) at (TC. The mixture 
was stirred at room temperature for 4 hours, then decomposed with an ice-water solution of 5% 
sulfuric acid (5 mL), and the mixture was extracted with ether (3x15 mL). The organic layer was 
washed with brine (2x5 mL), and dried over sodium sulfate. The mixture was evaporated to 
dryness, and the residue was chromatographed on a silica gel column (230-400 mesh, 20 g, 
chlorofomVhexanes /ethanol 70/25/5) to give compound 45 as a white solid (155 mg, 84% ), m.p. 
78-78.5SC: IH-NMR (CDCI3) 5 1.95 (m, 2H), 2.78 (t, /i=7.8Hz, /2=7.8Hz，2H), 3.72 (t, 
/L=6.4Hz’ /2=6.4Hz，2H), 3 . 9 8 (s, 3 H )，4.03 (s, 3 H ) , 5 . 8 2 (s, I H ) , 6 . 6 4 (s, I H ) , 6 . 8 1 (s, 
IH), 6.97 (d, /=8.0Hz, IH), 6.98 (s, IH), 7.37 (d, /=l,9Hz, IH), 7.39 (dd, /i=8.0Hz, 
/ 2 = 1 . 9 Hz , I H ) ; M S mJe 3 2 8 ( M + ) . 
Anal. Calcd. for C19H20O5： C, 69.50; H, 6.14. Found: C, 69.81; H, 6.05. 
5-(3.Hydroxypropyl)-7-methoxy-2-(3'-inethoxy-4'-hydroxyphenyI).benzo[^] 
furan-4-carbaldehyde (46) 58 
To a solution of compound 45 (0.25 g, 0.8 mmol) in iV,A^-dimethylformamide (0.12 mL) 
was added phosphorus oxychloride (0.2 g, 1.2 mmol) at (K：. The mixture was stirred at room 
temperature for 30 minutes, then heated with a boiling water bath for 1.5 hours. The mixture was 
allowed to stand at room temperature overnight, and decomposed with a solution of 5% sodium 
acetate (5mL). The isolated solid was filtered off, and chromatographed on a silica gel column 
(230-400 mesh, 50 g, ethyl acetate/hexanes 4/1) to give product 46 (165 mg), which was 
recrystallized (chloroform/hexanes 2/1) to give the purified product 46 (150 mg, 55%) as a 






/ 2 = 7 . 2 Hz ’ 2 H ) , 3 .59 (t, / I = 6 . 2 H Z , / 2 : 6 . 2 H Z , 2 H ) , 3.98 (s, 3 H ) , 4 . 0 1 (s, 3 H ) , 5.95 (s, I H ) 
6.63 (s, IH), 6.99 (d’ 风3Hz’ IH), 7.36 (d, y=1.8Hz, IH), 7.48 (dd, A=8.3Hz, /2=1.9Hz, 
IH)’ 7.68 (s. IH), 10.47 (s, IH); ^^ C-NMR: 5.189.0 (CHO), 159.4 (C-4’)，149.1 (C-7a), 147.2 
(C-2), 147.0 (C-7), 143.2 (C-3), 142.7 (C，4), 132.6 (C-5), 122.4 (C-3a), 119.5 (C-6), 115 0 
(C-3,), 109.1 (C-2,), 108.1 (C-6’)，100.9 (C-5,)’ 56.5 (OMe), 56.3 (OMe), 44.0 (C-IO), 35.6 
(C-8), 29.5 (C-9); MS mie 356 (M+) 
AnaLCalcd. for C, 67.41; H, 5.66. Found: C, 66.84; H, 5.55. 
5.(2-Methoxycarbonyl./raii5-ethenyl)-7-inethoxy-2.(3'-niethoxy.4'-hydroxy 
phenyI)-benzo[^]furan-3-carbaldehy(le (47) 60 
A 50-mL three-necked round-bottomed flask was connected with a reflux condenser, and an inlet 
tube extending nearly to the bottom of the flask. A safety bottle was placed in series with this tube 
and a dry hydrogen chloride generator. The top of the condenser was connected to a tube leading 
into a wash bottle containing sulfuric acid, then to a safety bottle, and finally to the surface of 
aqueous sodium hydroxide, (note: all the other Gatteimann reactions were carried out using the 
same apparatus). 
To a solution of the ester 44 (0.68 g, 2 mmol) in absolute ether (50 mL) were added zinc cyanide 
(0.47 g, 4 mmol) and potassium chloride (10 mg). The mixture was cooled to OSC in an ice-salt 
bath, and anhydrous hydrogen chloride gas (prepared by adding conc. sulfuric acid to anhydrous 
ammonium chloride) was passed through the solution for 30 minutes with stining at OSC. After this 
period, yellowish precipitate formed, and the ether solution was decanted and then the dark oil-like 
residue was washed with ether (2x10 mL). The residue was mixed with a solution of water (10 
mL) and ethanol (10 mL), and the mixture was heated at 50X： for 30 minutes. Then alcohol was 
removed in vacuum, and the yellowish solid was extracted with chloroform (3x50 mL). The 
organic layer was washed with brine (2x20 mL) and dried over anhydrous sodium sulfate. The 
solvent was removed in vacuum and the residue was chromatographed on a silica gel column (70-
230 mesh, 10 g, chlorofomVhexanes 3/1) to give the purified 47 (410 mg, 56% ) as a yellowish 
solid，m.p.l28-130SC: ^H-NMR (CDCI3) 5 3.83 (s, 3H), 4.02 (s, 3H)，4.06 (s, 3H), 6,12 (s, 
IH), 6.49 (d, /=15.9Hz, IH), 7.04 (d, /=1.2Hz, IH), 7.08-7.44 (ABX, /i=8.2Hz, /2=1.7Hz, 





‘ & 1 8 6 . 2 (CHO), 176.3 (COOMe), 167.4 (C-7a), 166.2 (C-4,)，149.1 (C-2，)，147.2 (C-7) 145 3 
(C-3’)，145.0 (C-3), 144.3 (C-5), 132.7 (C-3a), 128.0 (C-1’)，123.8 (C-4)’ 120.4 (C-8) 117 9 
(C-6)，116.7 (C-9), 115.3 (C-5，)’ 111.3 (C-2,)’ 107.5 (C-6,)’ 56.4 (OMe), 56.29 (OMe), 51.7 
(OMe); MS m/e 382 (M+). 
Anal.Calcd. ForC i^HisO；: C, 65.96; H, 4:75. Found: C, 65.34; H, 4.52. 
5-(3-Hydroxypropyl).7.methoxy-3.hydroxyinethyl-2.(3'.inethoxy-4'-
hydroxyphenyl)-benzo[6]furan (49)胡 
To a solution of 47 (190 mg, 5 mmol) in tetrahydiofuran (5 mL) was added lithium aluminum 
hydride (20 mg, 4.2 mmol). The mixture was stirred at room temperature for 2 hours, then 
decomposed with 5% sulfuric acid (5 mL). The solution was combined with ethyl acetate (20 mL), 
washed with brine (2x5 mL), and dried over anhydrous sodium sulfate. The solvent was removed 
in vacuum, and the residue was chromatographed on a silica gel column (70-230 mesh, 30g’ 
chlorofonn /ethanol 95/5) to give compound 49 (80 mg, 64%) as a semi-solid: ^H-NMR (CDCI3) 
3 1.94 (m, 2H), 2.80 (t，/i=7.2Hz, /2=7.2Hz, 2H), 3.70 (t, /i=6.5Hz，/2=6.5Hz, 2H), 3.97 (s, 
3H)，4.02 (s, 3H), 4.89 (s, 2H), 5.89 (s, IH), 6.66 (s, IH), 7.01 (d, /=8.1Hz, IH), 7.10 (s, 
IH)’ 7.32 (dd, /i=8.1Hz, /2=1.8Hz，IH), 7.41 (d, /=L8Hz, IH); 13c-NMR 5. 146.9, 145.2, 
137.9’ 131.4, 122.8, 121.5’ 116.4, 114.9’ 113.9’ 110.9，110.5，108.4, 62.4, 56.4, 56.3’ 55.8, 
31.8, 32.6; MS m/e 358 (M+). 
Anal. Calcd. forC^ssOg: C, 67.03; H, 6.19. Found: C, 66.56; H, 5.65. 
3-Methoxy-4-benzyloxyacetophenone (50)位 
To a solution of potassium carbonate (27.6 g, 0.2 mol) in water (75 mL) was added 3-methoxy-4-
hydroxy-acetophenone (39) (33 g, 0.2 mol). The resulting solid was partially dissolved in 
tetrahydrofuran (350 mL). A solution of benzyl bromide (34.2 g, 0.2 mol) and 
tetrabutylammonium iodide (1 g) in tetrahydrofuran (50 mL) was then added to the reaction 
solution. After refluxing at SO'C for 10 hours with stirring, the mixture was allowed to cool to 
room temperature, and the organic layer was separated. The organic solvent was removed in 
vacuum, and the residue was dissolved in chloroform (500 mL). The solution was washed with 
brine (50x2 mL), and then dried over anhydrous sodium sulfate. The solvent was removed, and 
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the residual solution (100 mL) was then combined with hexanes (100 mL). Tl.e resulting needle-
shaped crystals wei. recrystallized (ethyl acetat^exanes 1/1) to give 50 (42 g, 82%) as needles 
m.p. 86-89SC. ^H-NMR (CDCI3) 6. 2.53 (s, 3H), 3.93 (s, 3H), 5.22 (s, 2H), 6.88 (d, /=8.4Hz, 
IH), 7.30-7.53 (m, 7H); MS mie 256 (M+). 
Anal Calcd for Q^^ H^^ O .^ C, 74:98; H, 6.29. Found: C, 74.47; H, 6.15. 
p.(3-Methoxy.4-benzy!oxyphenyl).p.chloroacrolein (51)63 
To a solution of compound 50 (51g, 0.2 mol) in N,iV.dimethylfomiamide (200 mL) was added 
dropwise the Vilsmeier reagent [prepared by dropwise addition of phosphorus oxychloride (80 g, 
0.52 mol) to iV,iV-dimethylformamide (80 mL) at 0<C] during 1 hour at Hie Solution was 
stiired at the same temperature for 20 minutes, then at 65SC for 10 hours. The mixture was poured 
into an ice-water solution (2000 mL) containing sodium acetate (250 g) and ammonium chloride 
(300 g), then the resulting mixture was allowed to stand overnight The crystallized solids were 
filtered off, and was purified by chromatography twice on a silica gel column (300 g, ethyl acetate 
/hexanes 1/3) to give a yellowish solid 51 (38 g, 63%), m.p. 99-lOlSC: ^H-NMR (CDCI3) 5 3.93 
(s, 3H), 5.21 (s, 2H), 6.61(d, /=6.9Hz, IH), 6.92 (d, /=10.6Hz, IH), 7.24-7.45 (m, 7H), 
10.12(d, /=6.9Hz, IH); MS mIe 303 (M+). 
Anal. Calcd for C17H15O3CI: C, 67.44; H, 4.99. Found: C, 67.15; H, 4.88. 
3-Methoxy-4-benzyIoxyphenylacetylene (52) 63 
A solution of compound 51 (45 g, 0.15 mol) in dioxane (700 mL) was added dropwise to a 
vigorously stirred hot solution of sodium hydroxide (70 g, 1.75 mol) in water (550 mL), and this 
mixture was continuously stiired at 80尤 for 2 hours. The mixture was then concentrated in 
vacuum, and the residual solution was extracted with ether (3x200 mL). The organic layer was 
washed with brine (3x50 mL) and dried over anhydrous sodium sulfate. The ethereal extract was 
evaporated to dryness and the residue was chromatographed on a silica gel column (500 g, 70-230 
mesh, chloroform containing 30% hexanes) to give 52 as a white solid (28 g, 79%), m.p. 87.5-
88.0SC: IH-NMR (CDCI3) 5 2.99 (s，IH), 3.88 (s, 3H), 5.16 (s, 2H), 6.81(d, /=8.6Hz, IH), 
7.01 (d, /=L8Hz, IH), 7.03 (dd, /i=8.6Hz, /2=1.8Hz，IH), 7.30-7.44 (m, 5H); MS mJe 328 
79 
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(M+). 
Anal. Calcd. fovC^^H^^O^ : C, 80.65; H, 5.92. Found: C, 80.55; H, 6.01. 
Cuprous 3-Methoxy-4.benzyloxyphenyIacetylide (53) 57 
A mixture of copper (H) sulfate hydme (14 g, 56 mmol), and 28% ammonium hydroxide (56 mL) 
was stiired magnetically for a short time in a 2-L Erienmeyer flask under nitrogen. After addition 
of distilled water (225 mL), solid hydroxylamine hydrochloride (7.8 g, 0.15 mol) was added, TTie 
dark blue solution then turned lighter and was cooled in an ice bath. After approximately 5 
minutes, compound 52 (13.5 g, 56 mmol) in a solution of tetmhydrofura (50 mL) and ethanol (50 
mL) was added, the yellowish cuprous acetylide formed immediately, and the precipitate was 
filtered off, then washed successively with water (5x100 mL), ethanol (5x100 mL), and diethyl 
ether (5x100 mL). The solid was dried for 6 hours at 65SC in vacuum in a rotaiy evapomtor to give 
product 53 (11.6 g, 72%) as a yellowish solid; m.p.l88-190SC (decomposed). TOs compound 
was used immediately in other experiments and was not purified further. 
5-(2.Methoxycarbonyl./ra/is-ethenyl)-7-methoxy.2.(3^.inethoxy.4'-benzyloxy 
phenyl)-benzo[办]furan (54) 54 
Compound 53 (7.82 g, 0.02 mol) was dissolved in pyridine (50 mL) in a three neck-flask, and the 
reaction system was equipped with a nitrogen inlet and a reflux condenser connected to a glycerine 
trap’ then was thoroughly flushed with nitrogen before use. A solution of bromide 28 (5.6 g, 0.02 
mol) in pyridine (50 mL) was added to the above solution with magnetical stimng under nitrogen, 
and the mixture was stiired at 115SC for 20 hours, and then evaporated to dryness in vacuum. The 
residue was dissolved in chloroform (150 mL), and the solution was washed with water (15 mL), 
then dried over anhydrous sodium sulfate. The solvent was evaporated in vacuum, and the residue 
was chromatographed on a silica gel column (300 g, hexanes/ethyl acetate 3/1) to give a raw 
product, which was recrystalHzed from chloroform to give a white solid of 54 (6.90 g, 65%), 
m.p. 152-153冗：iH-NMR (CDCI3) 5 3.82 (s, 3H), 3.99 (s, 3H), 4.06 (s, 3H), 5.20 (s, 2H), 
6.41 (d, /=15.9Hz, IH), 6.88 (s, IH), 6.94 (d, /=8.7Hz, IH), 6.96 (s, IH), 7.32-7.44 (m, 7H), 
7.45 (d, /=8.7Hz, IH), 7.77 (d, /=15.9 Hz, IH); MS m/e 446 (M+). 





[^]furan (55) 67 
A solution of the a,p.unsaturated ester 54 (1 g, 2.24 mmol) and 5% palladium on activated 
charcoal (0.02 g) in tetrahydrofuran (15 mL) was s t in^ under hydix)gen at mom temperature for 
10 hours. Thm layer chromatography (chloix)fomi/hexanes 1/2) indicated that the starting material 
disappeared. The mixture was filtered through a short silica gel column (tetrahydrofuran) to 
removed the catalyst, and the filtrate was evaporated to dryness in vacuum, then the residue was 
purified by flash chromatography on a silica gel column (20 g, chlorofoim/hexanes 1/2) to give 
colorless oil of 55 (0.74 g, 92% ): ^H-NMR (CDCI3) 5. 2.68 (t, /i=7.8Hz, J^^ imz, 2H), 3.01 
(t，/i=7.8Hz, /2=7.8HZ，2H), 3 . 6 8 (s, 3 H ) , 3 . 9 5 (s, 3 H ) , 4 . 0 1 (s, 3 H ) , 5 . 9 6 (b, I H ) , 6 . 6 2 (d, 
/=1.4Hz，IH), 6.79 (s, IH), 6.96 (d,/=1.4Hz, IH), 6.96 (d,/= 8.1Hz, IH), 7.35 (d，/=2.0Hz， 
IH)，7.37 (dd, /i=8.1Hz, /2=2.0Hz, IH); l^ C-NMR 6.173,3, 156.5, 146.8, 146.4, 144.8, 
1 3 6 . 2 , 1 3 1 . 3 , 1 2 3 . 0 , 1 1 8 . 9 ’ 1 1 4 . 8 , 1 1 2 . 2 , 1 0 7 . 8 , 1 0 7 . 3 , 1 0 0 . 0 , 5 6 . 1 , 5 1 . 5 , 3 6 . 2 , 3 1 . 3 ; M S 
m/e356(M+). 
Anal.Calcd. for qoH^oOg: C, 67.41; H, 5.66. Found: C, 66.92; H 5.56. 
5-(3-Hydroxypropyl)-7.methoxy-2.(3'-inethoxy.4'-hydroxyphenyl)-benzo[^] 
furan (45)明 
To a solution of compoundSS (4.73 g, 14 mmol) in tetrahydrofuran (100 mL) was added lithium 
aluminum hydride (0.64 g, 17 mmol) at OSC. The mixture was stirred at room temperature for 4 
hours, and decomposed with an ice-water solution of 5% sulfuric acid, then extracted with ethyl 
acetate (3x50 mL). The organic layer was evaporated to dryness, and the residue was dissolved in 
ethyl acetate (100 mL), the organic solution was washed with brine (2x50 mL), and dried over 
anhydrous sodium sulfate. The solvent was removed in vacuum and the residue was 
chromatographed on a silica gel column (70-230 mesh, 100 g, chloroforai/ethanol 98/2) to give 45 
(3.57 g, 82%) as a white solid, m.p. 78.0-78.5SC. 




To a soluiton of compound 45 (3.28 g, 0.01 mol) in pyridine (15 mL) was added acetic anhydride 
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(4 mL), and the mixture was stirred at room temperature for 18 hours. The solvent was removed in 
vacuum (60^), and the residue was chromatographed on a silica gel column (230-400 mesh, 
J chlorofomVhexanes 2/1) to give compound 57 (3.76 g, 91%) as white needles, m.p. 88.0-
88.5SC: IH-NMR (CDCI3) 8 2.01 (m, 2H), 2.04 (s, 3H), 2.34 (s, 3H), 2.76 (t, /i=7.3Hz， 
/2=7.3Hz, 2H), 3.94 (s, 3H). 4.04 (s, 3H), 4.13 (t, /尸 6.5Hz, /2=6.5Hz, 3H), 6.64 (s，IH), 
\ 6.92 (s, IH), 6.99 (s，IH), 7.10 (d, /=8.8H2, IH), 7.45 (dd, /i=8.8Hz, 72=1.7Hz，IH), 7.46 
i (d，/=1.7Hz, IH); MS m/e 412 (M+). 
1 AnaLCalcd. for C23H24O7： C, 66.98; H, 5.87. Found: C, 66.93; H, 5.84. 
5-(3-Acetoxypropyl)-7.methoxy.2-(3'.methoxy.4'-hydroxyphenyl)-beiizo[^]furan 
(57) 
To a solution of the diester 56 (2.1 g, 5 mmol) in acetone (20 mL) was added ION ammonium 
hydroxide (10 mL) in dropwise, and the mixture was stirred at room temperature for 40 minutes. 
Thin layer chromatography (ethyl acetato/hexanes 1/1) indicated that the substrate disappered, then 
the pH value of the solution was adjusted to about 2 with 5N hydrochloric acid (20 mL). The 
organic solvent was evaporated in vaccum, and the water solution was extracted with ethyl acetate 
(3x50 mL), the organic layer was washed with brine (2x20 mL), and dried over anhydrous sodium 
sulfate. The solvent was removed in vacuum and the residue was chromatographed on a silica gel 
column (70-230 mesh, 200g, ethyl acetate/hexanes 1/1) to give product 57 (1.6 g, 85%) as a 
white solid, m.p. 80-80.5冗： H^-NMR: 5 2.00 (m，2H), 2.06 (s, 3H), 2.73 (t, /i=7.2Hz, 
/ 2 = 7 . 2 H Z , 2 H ) , 3 . 9 0 (s, 3 H ) , 4 . 0 1 (s, 3 H ) , 4 . 1 1 (t, /I=6.6Hz, / 2 = 6 . 6 H Z , 2 H ) , 6 . 5 9 (d, 
/=L4Hz，IH), 6.78 (s, iH), 6.93 (d, /=1.4Hz, IH), 6.95-7.37 (ABX, /i=8.2Hz, /2=1.8Hz, 
/ 3 = 0 . 6 H Z , 3 H ) ; M S mJe 3 7 0 ( M + ) . 
AnaLCalcd. for C21H22O5： C, 68.10; H, 5.98. Found C, 67.89; H, 6.05. 
！二 •St 
5-(3-Acetoxypropyl)-7-methoxy-2-(3'-methoxy-4'-hydroxyphenyI)-benzo[Z>] 
furan-3-carbaldehyde (58)叨 . T o a solution of the ester 57 (1.85 g, 5 mmol) in absolute ether (25 mL) were added zinc cyanide 4 I 
I (0.79 g, 7.5 mmol) and potassium chloride (20 mg) (the required apparatus were the same as the 
i preparation of compound 47). The mixture was cooled to in an ice-salt bath, and anhydrous i 82 
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hydrogen chloride gas (prepared by addition of conc. sulfuric acid to anhydrous ammonium 
chloride) was passed through the solution for 30 minutes with stirring. The ether solution was 
decanted，and the residue was washed with ether (2x10 mL), then mixed with a solution of water 
(30 mL) ethanol (20 mL), and then heated at 50SC for 30 minutes. The organic solvent was 
removed in vacuum, and the yellowish solid was extracted with chloroform (3x50 mL), and then 
the organic layer was washed with brine (2x20 mL), dried over anhydrous sodium sulfate. The 
solvent was removed in vacuum and the residue was chromatographed on a silica gel column (70-
230 mesh, lOOg, chloroform/hexanes 3/1) to give product 58 (1.02 g, 51%) as a yellowish solid, 
m.p. 109-1 lose： IH-NMR (CDCI3) 5 2.04 (m, 2H), 2.09 (s, 3H), 2.81 (t, /i=7.2Hz，/2=7.2Hz， 
2H)，3.99 (s, 3H ), 4.03 (s, 3H), 4.12 (s, /i=7.5Hz, /2=7.5Hz, 2H), 6.21 (s, IH), 6.73 (s, 
IH)，7.07 (d, /=7.7Hz, IH), 7.38 (s, IH), 7.39 (d, /=7.7Hz, IH), 7.66 (s, IH), 10.28 (s, IH); 
MS mie 398 (M+). 
AnaLCalcd. for C22H22O7： C, 66.32; H, 5.56. Found: C, 66.36; H, 5.75. 
5-(3-Hydroxypropyl)-7-methoxy.2.(3'-methoxy.4'-hydroxyphenyl)-benzo[^] 
furan-3-carbaldehyde (XH^^ ) (18). 
To a solution of aldehyde 58 (1 g, 2.5 mmol) in methanol (35 mL) was added 2N sodium 
hydroxide methanol solution (3 mL), the mixture was stirred at room temperature for 4 hours, then 
2N hydrochloric acid (3 mL) was added, and the solution was evaporated to dryness. The residue 
was chromatographed on a silica gel column (230-400 mesh, 100 g, chloroform/hexanes 95/5) to 
give product XH14 (18) (0.83 g, 93%) as a yellowish solid, m.p.77-77.5SC： ^H-NMR (CDCI3) 
S. 1.94 (m, 2H), 2.81 (t, /i=8.1Hz, /2=8.1Hz’ 2H), 3.70 (t, /i=6.3Hz, /2=6.3Hz, 2H), 3.99 (s, 
3H), 4.01 (s, 3H), 5.99 (s, IH) 6.73 (d, /=1.5Hz, IH), 7.05 (d, /=7.8Hz, IH), 7.36 (d, 
/=1.8Hz，IH), 7.37 (dd, /i=8.3Hz, /2=1.8Hz，IH), 7.64 (d, /=L5Hz, IH), 10.26 (s, IH); ^ C^-
NMR 5.186.7 (CHO), 165.8 (C-4，)，148.7 (C-7a), 146.9 (C-2), 144.7 (C-7), 141.8 (C-3，). 
140.0 (C-3), 127.4 (C-5), 123.7 (C-6), 120.8 (C-3a), 116.8 (C-l，)，115.1，113.7，111.1 (C-6’)， 
108.9 (C-5’)，56.3 (OMe), 
56.1 (OMe), 62.3 (C-10), 34.8 (C-9), 32.6 (C-8); MS m/e 356 (M+). 
Anal. Calcd. for C20H20O6： C, 67.41; H, 5.66. Found C, 67.05; H, 5.52. 
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l,4-Di.(3'.inethoxy.4'-benzyioxyphenyl)-buta.l,3-diyne (60). 
To a solution of compound 53 (2.0 g, 5 mmol) dissolved in pyridine (20 mL) in a three neck-
flask, bromide 28 (1.4 g, 5 mmol) in pyridine (10 mL) was added with magnetical stirring. The 
mixture was stirred at 115尤 for 20 hours, then evaporated to dryness in vacuum, and the residue 
was dissolved in chloroform (150 mL). The organic solution was washed with water (15 mL) and 
dried over anhydrous sodium sulfate. The solvent was evaporated in vacuum and the residue was 
chromatographed on a silica gel column (100 g, hexanes/ethyl acetate 3/1) to give products 54 
(0.23g，10%) [all physical and spectroscopic data are identical with those of compound 45 
prepared previously (vide infra)] and product 60 (0.6 g, 36%) as a white solid, m.p.154-155 :^ 
iH-NMR (CDCI3) 6. 3.85 (s, 6H), 5.14 (s, 4H), 6.80 (d, 7=8.3 Hz, 2H), 7.02 (d, y=L6Hz, 
2H)’ 7.05 (dd, /i=8.3Hz, /2=1.6Hz, 2H), 7.29-7.43 (m, lOH); l^ C-NMR 5. 55.9’ 70.9, 72.9, 
81.5, 113.8, 114.5, 115.6, 126.0, 127.2, 127.9, 128.5, 136.6, 149.4, 149.6; MS m/e 654. 
Anal. Calcd. for C32H26O4： C, 80.99; H, 5.52. Found: C, 80.49; H, 5.30. 
l,4-Di-(3'-inethoxy.4'.hydroxyphenyI)-butane (61). 
A solution of the a,p-unsaturated ester 60 (100 mg, 0.15 mmol) and 5% palladium on charcoal 
(Pd-C) (5 mg) in tetrahydrofuran (10 mL) was stirred under hydrogen at room temperature for 10 
hours. Thin layer chramatography (chloroform/hexanes 1:2) indicated that the starting material 
disappeared. The mixture was then filtered through a short silica gel column (tetrahydrofuran) to 
removed the catalyst. The filtrate was evaporated to dryness in vacuum and the residue was 
purified by flash chromatography on a silica gel column (20 g, chloroform/hexanes 1/2) to give a 
white solid 61 (87mg, 86%), m.p. 104-105尤.^ H-NMR (CDCI3) 5. 1.62 (m, 4H), 2.55 (m, 
4H)，3.84 (s, 6H), 5.53 (b, 2H), 6.63-6.84 (m, 6H); l^ C-NMR 5. 41.2, 45.5, 65,9, 121.2, 
124.3, 131.1, 144.6，153.8, 156.5. MS m/e 302 (M+) 
Anal. Calcd. for C18H22O4： C, 71.50; H, 7.31. Found: C, 71.45; H, 7.25. 
5-(3-FormyIoxypropyl)-7-methoxy-2-(3'-methoxy-4'-hydroxy phenyl)-benzo[^] 
furan (62).^ 
To a solution of compound 45 (1.64 g, 5 mmol) in absolute ether (25 mL) were added zinc 
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eyanide (0.79 g, 7.5 mmol) and potassium chloride (20 mg) (the required apparatus were the same 
as the preparaton of compound 47). Tlie mixture was cooled to in an ice-salt bath, and 
anhydrous hydrogen chloride gas (prepared by addition of conc. sulfuric acid to anhydrous 
ammonium chloride) was passed through the solution for 30 minutes with stirring. The ether 
solution was decanted, and the residue was washed with ether (2x10 mL), then mixed with a 
solution of water (30 mL) and ethanol (20 mL). Tlie mixture was heated at 50^ for 30 minutes, 
then the solvent was removed in vacuum, and the solid was extracted with chloroform (3x50 mL)! 
The organic layer was washed with brine (2x20 mL) and dried over anhydrous sodium sulfate. 
Tlie solvent was removed in vacuum and the residue was chromatogmphed on a silica gel column 
(70-230 mesh, lOOg, chlorofomVhexanes 3/1) to give product 62 (0.42 g, 24%) as a white solid, 
m.p. 85-87SC: ^H-NMR (CDCI3) 5 2.03 (m, 2H), 2.76 (t, /�S.OHz，/2=8.0Hz, 2H), 3.94 (s， 
3H), 4.02 (s, 3H), 4.21 (t, /i=6.5Hz, /2=6.5Hz, 2H), 6.60 (d, /=1.3Hz，IH), 6.80 (s, IH), 
6.95 (d, /=1.3Hz, IH), 6.96 (d, /=8.2Hz, IH), 7.36-7.39 (m, 2H), 8.10 ( s, IH); MS mIe 356 
(M+). 
Anal. Calcd. for C20H20O5： C, 67.41; H, 5.66. Found: C, 66.81; H, 5.48. 
5.(3-Hydroxypropyl).7-inethoxy-2-(3'-methoxy-4'-benzyloxyphenyl)-benzo[^] 
furan (64) 
To a suspension of lithium aluminum hydride (0.64 g, 17 mmol) in tetrahydrofuran (50 mL) was 
added a solution of compound 54 (4.46 g, 10 mmol) in tetrahydrofuran (50 mL) at -20尤 during 
30 minutes. The mixture was stirred at room temperature for 4 hours, then was decomposed with 
an ice-water solution of 5% sulfuric acid, and the solution was extracted with ethyl acetate (3x50 
mL). The organic layer was evaporated to dryness, and the residue was dissolved in ethyl acetate 
(150 mL), then the solution was washed with brine (2x20 mL), and finally was dried over 
anhydrous sodium sulfate. The solvent was removed in vacuum and the residue was 
chromatographed on a silica gel column (70-230 mesh, 100 g, chlorofomVhexanes/ ethanol 
70/28/2) to give 64 (2.99 g, 72%) as a white solid, m.p. 118-119SC: ^H-NMR (CDCI3) 5 1.94 
(m，2H), 2.78 (t, /i=7.8Hz, /2=7.8Hz, 2H), 3.71 (t, /i=6.4Hz, /2=6.4Hz, 2H), 3.98 (s, 3H), 
4.03 ( s, 3H), 5.20 (s, 2H), 6.63 (d, /=1.2Hz, IH), 6.82 (s，IH), 6.93 (d, /=8.2Hz, IH), 6.97 




Anal. Calcd. for CsgHs^ Oj： C’ 74.62; H, 6.26. Found; C, 74.18; H. 6.02. 
5.(3.Acetoxypropyl).7.methoxy-2.(3'.inethoxy-4'.benzyloxyphenyl).biMizo[^l 
furan (63) 
To a soluiton of compound 64 (2.1 g, 5 mmol) in pyridine (10 mL) was added acctic anhydride (2 
mL)，and the mixture was stirred at room temperature for 18 hours. The solvent was removed in 
vacuum (60^), and the residue was chromatographed on a silica gel column (23()-4()0 mesh. 
lOOg, chloroforaVhexanes 2/1) to give compound 63 (1.84 g, 80%) as a white solid, m.p. 107-
108尤：IH-NMR (CDCI3) 5 2.00 (m. 2H), 2.05 (s, 3H), 2.73 (t, 7i=8. IHz. 72=8. IHz. 2H), 3.96 
(s, 3H), 4.01 (s, 3H), 4.11 (t, /i=6.5Hz, /2=6.5Hz, 2H)’ 5.15 (s’ 2H), 6.60 (d. y=l.4Hz, IH). 
6.80 (s, IH), 6.90 (d, y=8.2Hz, IH), 6.94 (d, /=1.4Hz, IH), 7.31-7.54 (m, 7H); MS rnle 
460(M+). 
Anal. Calcd. for C28H28O6： C, 73.03; H, 6.13. Found: C, 72.96; H, 5.98. 
5.(3-AcetoxypropyI).7-inethoxy-2-(3'-methoxy-4'-hy(lroxyphenyl).benzo[^] 
furan (57) 
To a solution of compound 63 (1.15 g, 2.5 mmol) in tetrahydrofuran (20 mL) was added 5% 
palladium on charcoal (Pd-C) (20 mg), and the mixture was hydrogenated for 12 hours at room 
temperature. The catalyst was filtered off through a short silica gel column (1.5x3 cm^, 
tetrahydrofuran), and organic solvent was removed in vacuum. The residue was chromatographed 
on a silica gel column (70-230 mesh, 60 g, chloroform/hcxanes 3/1) to give product 57 (0.85 g, 
92%) as a white solid.The physical and ^H-NMR spectroscopic data are identical to an authentic 
sample prepared previously (vide supra). 
5-(3-Acetoxypropyl)-7-methoxy-2-(3'-inethoxy-4'-hydroxyphenyI)-benzo[/b] 
furan-3-carbaldehyde (58) 
To a solution of compound 63 (1.15 g, 2.5 mmol) in absolute ether (25 mL) were added zinc 
cyanide (0.4 g, 4 mmol) and potassium chloride (10 mg) (the required apparatus were the same as 
the preparaton of compound 47). The mixture was saturated with anhydrous hydrogen chloride 
gas (prepared by addition of conc. sulfuric acid to anhydrous ammonium chloride) for 30 minutes 
at room temperature with stirring. The yellowish solid was formed, and the ether solution was 
decanted. The residue was washed with ether (2x10 mL), and then mixed with a solution of water 
(30 mL) and ethanol (20 mL). The mixture was heated at 50^ for 30 minutes, then the solvent 
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was removed in vacuum, and the solid was extracted with chloroform (3x50 mL), The organic 
layer was washed with brine (2x20 mL) and dried over anhydrous sodium sulfate. The solvent 
was removed in vacuum and the residue was chromatographed on a silica gel column (70-230 
i mesh, lOOg, chlorofomVhexanes 3/1) to give pixxiuct 58 (0.42 g, 42%) as a yellowish solid. The 




P 聰 人 To a solution of XH14 (18) (150 mg, 0.42 mmol) in tetrahydrofuran (5 mL) was 
丨 added 5% palladium on charcoal (Pd-C) (10 mg), and the mixture was hydrogenated for 8 hours at 
room temperature. The catalyst was filtered off through a short silica gel column (0.5x3 cm ,^ 
tetrahydrofuran), and organic solvent was removed in vacuum. The residue was chromatographed 
on a silica gel column (70-230 mesh, 40 g, chloroform/ethanol 95/5) to give product 49 (134 mg, 
89%) as a semi-solid The physical and ^H-NMR spectrascopic data are identical to an authentic 
sample prepared previously (vide supra). 
Procedure 77.68 j o a solution of XH14 (18) (150 mg, 0.42 mmol) in tetrahydrfuran (5 mL), 
lithium aluminum hydride (20 mg, 0.42 mmol) was added at The mixture was stirred at room 
temperature for 3 hours, then decomposed with 5% sulfuric acid (5 mL). The mixture was 
combined with ethyl acetate (20 mL), and the organic solution was washed with brine (2x5 mL), 
then dried over anhydrous sodium sulfate. The solvent was removed in vacuum, and the residue 
was chromatographed as above to give compound 49 (87 mg, 58%). The physical and ^H-NMR 
spectrascopic data are identical to an authentic sample prepared previously {vide supra). 
5-(2-Methoxycarbonylethyl)-7.methoxy-2-(3'-niethoxy-4'-hydroxyphenyl)-
benzo[办]furan-3-carbaldehyde (65) 6� 
To a solution of compound 55 (1.78 g, 0.5 mmol) in absolute ether (20 mL) were added zinc 
cyanide (0.87 g, 0.75 mmol) and potassium chloride (30 mg) (the required apparatus were the 
same as the preparation of compound 47). The mixture was cooled to in an ice-salt bath, then 
anhydrous hydrogen chloride gas (prepared by addition of conc. sulfuric acid to anhydrous 
ammonium chloride) was passed through the solution until saturated. The solution was stirred at i 5 
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the same temperature for 30 minutes. After that time, a yellowish precipitate formed, and the ether 
solution was decanted. The yellowish residue was washed with ether (2x10 mL), and the semi-
solid was mixed with a solution of ethanol (10 mL) and water (10 mL). TTie mixture was heated at 
for 1 hour, then evaporated to dryness. The residue was dissolved in chloroform (100 mL), 
washed with brine (2x10 mL), and dried over anhydrous sodium sulfate. The solvent was 
removed in vacuum, and the residue was chromatographed on a silica gel column (70-230 mesh, 
200 g, chlorofomVethanol 95/5) to give 65 (1.02 g, 62%) as a yellowish solid, m.p. 137-138尤： 
IH-NMR (CDCI3) 5 2.71 (t, /i=7.7Hz, JfUYLz, 2H), 3.06 (t, /i=7.8Hz, 2H), 3.70 
(s，3H), 3.99 (s, 3H), 4.02 (s, 3H), 6.14 (s, IH), 6.76 (d, /=1.3Hz, IH), 7.06 (d, /=8.1Hz， 
IH), 7.37 (d, /=2.1Hz, IH), 7.39 (dd, /i=8.1Hz, /2=2.1Hz, IH), 7.67 (d, /=1.3Hz，IH), 
1 0 . 2 8 (s, I H ) ; 1 3 C - N M R 5 1 8 6 , 5 ( C H O ) , 1 7 3 . 2 ( C O O R ) , 1 6 5 . 8 (C-4，)，148.8 (C-la), 1 4 7 . 1 ( C -
• 4 
2), 144.8 (C-7)，142.1 (C-3’)，138.7 (C-3), 127.7 (C-5), 123.7 (C-6), 120.8 (C-3a), 116.8 (C-
1，)’ 115.2 (C-4), 113.6 (C-2，)，111.4 (C-6，)，109.2 (C-5’)，56.4 (OMe), 56.3 (OMe), 51.6 
(COOMe), 36.3 (C-9), 31.5 (C-8); MS. mie 384 (M+). 
Anal. Calcd. forCsiHsoO；: C, 65.62; H, 5.24. Found: C, 65.37; H 5.10. 
3-Hydroxymethyl-5-(2-methoxycarbonylethyl)-7-methoxy-2-(3'-methoxy-4'-
hydroxyphenyl)-benzo[Mfuran (66) 
To a solution of compound 65 (192 mg, 0.5 mmol) in tetrahydrofuran (10 mL) was added 5% 
palladium on charcoal (Pd-C) (10 mg). The mixture was stirred under hydrogen for 8 hours at 
room temperature, then the catalyst was filtered off through a short silica gel column (0.5x3^  cm, 
tetrahydrofuran). The solvent was removed in vacuum and the residue was chromatographed on a 
silica gel column (70-230 mesh, 40 g, chloroform/hexanes/ethanol 75/20/5) to give 66 (158 mg, 
82%) as a semi-solid: ^H-NMR (CDCl�）5 2.67 (t, /i=7.8Hz, /2=7.8Hz, 2H), 3.01 (t, /i=7.7Hz, 
/ 2 = 7 . 7 H Z , 2 H ) , 3 . 6 7 (s, 3 H ) , 3 . 9 4 (s, 3 H ) , 4 . 0 0 (s, 3 H ) , 4 . 8 7 (s, 2 H ) , 6 . 0 5 (s, I H ) , 6 . 6 4 (d, 
/=LlHz’ IH), 6.98 (d, /=8.2Hz, IH), 7.07 (d, /=l.lHz, IH), 7.36 (dd, /i=8.2Hz, /2=1.8Hz, 
IH), 7.40 (d, /=1.8Hz, IH); MS m/e 386 (M+) 
Anal. Calcd. forC2iH2207： C, 65.28; H, 5.74. Found: C, 64.89; H, 5.48. 
5-(2-Carboxylethyl)-7-inethoxy-2-(3'-methoxy-4'-hydroxyphenyl)-benzo[Z>]furan-
3-carbaldehyde (67) 
To a solution of compound 65 (384 mg, 1 mmol) in methanol (5 mL) was added IN sodium 
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hydroxide (2.2 mL, 2.2 mmol). The mixture was stirred at room temperature for 2 hours, then IN 
hydrochloric acid (2.2 mL, 2.2 mmol) was added. The solvent was evaporated to dryness, and the 
residue was dissolved in chloroform, washed with water (2x10 mL), and dried over anhydrous 
sodium sulfate. The solvent was removed in vacuum and the residue was chromatographed on a 
silica gel column (70-230 mesh, 50 g, chlorofonn/ethanol/acetic acid 95/4.5/0.5) to give 67 (0.28 
g, 75%) as a yellowish solid, m.p. 180.0-180.5 :^ ^H-NMR (CDCI3) 5 2.60 (t, /j=7.5Hz, 
/2=7.5HZ，2H), 2.96 (t, /i=7.5Hz, / 2 = 7 . 5 H Z， 2 H ) , 3.92 (s, 3 H ) , 3.99 (s, 3 H ) , 6.91 (d, 
•/=1.2Hz, IH), 7.00 (d, /=8.3Hz, IH), 7.39 (dd, /i=8.3Hz, /2=1.9Hz，IH), 7.40 (d, J=1.9Hz, 
IH)’ 7.56 (d, /=1.2Hz’ IH), 9.89 (s, IH), 10.23 (s, IH); l^ C-NMR 5 186.3，173.6，165.4， 
150.3’ 148.2, 144.4’ 141.2，138.9，127.1, 123.1，119.2, 118.7，116.2, 115.8, 112.8, 109.2， 
56.1, 56.1, 35.9, 31.0; MS mie 370 (M+). 
Anal.Calcd. for C20H18O7： C, 64.98; H, 4.90. Found: C, 64.80; H, 4.43. 
5-(3-Hydroxypropyl)-7.methoxy-3-methyl-2-(3'-methoxy-4'-hydoxyphenyl)-
benzo[b]furan (68) 
To a solution of compound XH14 (18) (356 mg, 0.1 mmol) in tetrahydrofuran (10 mL) were 
added 5% palladium on charcoal (Pd-C) (20 mg) and two drops of conc. hydrochloric acid. The 
mixture was stirred under hydrogen at room temperature for 12 hours. Thin layer chromatography 
indicated that the substrate disappered (chloroform/hexanes 95/5). The catalyst was removed 
through a short column (0.5x3 cm^, tetrahydofuran). The solvent was evaporated to dryness, and 
the residue was chromatographed on a silica gel column (70-230 mesh, 30 g, chloroform/hexanes 
95:5) to give product 68 (280 mg, 82%) as a white solid, m.p. 157-159�C: ^H-NMR (CDCI3) 6 
1.96 (m, 2H), 2.40 (s, 3H), 2.80 (t, /i=7.6Hz, /2=7.6Hz, 2H), 3.72 (t, /i=6.4Hz，/2=6.4Hz, 
2H), 3.98 (s, 3H), 4.03 (s，3H), 5.86 (s, IH), 6.65 (d, /=1.4Hz, IH), 6.94 (d, /=1.4Hz, IH), 
7.00 (d, /=8.2Hz, IH), 7.27 (d, /=L9Hz, IH), 7.35 (dd, /i=8.2Hz，/2=1.9Hz, IH); MS m/e 
342( M+). 
Anal. Calcd. for C20H22O5： C, 70.16; H, 6.48. Found: C, 69.85; H, 6.30. 
5-(2-Methoxycarbonylethyl)-7-inethoxy-3-methyl-2-(3'-methoxy-4'-hydroxy 
phenyl)-benzo[^]furan (69) 
To a solution of compound 65 (192 mg, 0.5 mmol) in tetrahydrofuran (10 mL) were added 5% 
palladium on charcoal (Pd-C) (20 mg) and two drops of conc. hydrochloric acid. The mixture was 
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stirred under hydrogen at room temperature for 8 hours. Thin layer chromatography 
(ether/chloroform/hexanes 2/1/1) indicated that the substrate disappered. The catalyst was removed 
through a short column (0.5x3 crn ,^ tetrahyctofuran). The solvent was evaporated to diyness, and 
the residue was chromatographed on a silica gel column (70-230 mesh, 20 g, ether/chloroform 
/hexanes 2/1/1) to give product 69 (297 mg, 87%) as a white solid, m.p. 102-104�C: ^ H-NMR 
(CDCI3) 5 2.40 (s, 3H), 2.71 (t, /i=7.8Hz, 72=7.8Hz, 2H), 3.05 (t, 7i=7.8Hz, /2=7.8Hz, 2H), 
3.69 (s, 3H), 3.97 (s, 3H), 4.02 (s, 3H), 5.80 (s, IH), 6.65 (d, /=1.3Hz, IH), 6.94 (d, 
/=1.3Hz，IH), 7.00 (d, /=8.1Hz，.lH)，7.28 (dd, /i=8.1Hz, 72=1.8Hz, IH), 7.32 (d, 7=1.8Hz, 
IH); 13C-NMR 5 173.4 (COO), 151.5 (C-4，)，146.7 (C-7a), 145,9 (C-2), 144.8 (t3’)’ 141.7 
(C-7)’ 135.8 (C-5), 133.2 (C-3a), 123.8 (C-1’)，123.6 (C-5,)，114.6 (C-2,), 110.8 (C-6，)’ 110.0 
(03), 109.7 (C-6), 107.6 (C-4), 56.3 (OMe), 56.2 (OMe), 36.4 (C-9), 31.5 (C-8), 9.5 (Me); MS 
mJe 370 (M+). 
Anal.Calcd.forC2iH2206： C, 68.10; H, 6.00. Found: C, 67.63 ； H, 5.78. 
5.(2.Carboxyl-/ra/is-ethylenyl)-7-methoxy-2-(3'.methoxy.4'-hydroxyphenyI)-
benzo[办]furan-3-carbaldehyde (70).60 • 
To a solution of the ester 54 (0.5 g, 1 mmol) in absolute ether (25 mL) were added zinc cyanide 
(0.24 g 2 mmol) and potassium chloride (10 mg) (the required apparatus were the same as the 
preparation of compound 47). The mixture was cooled to O'C in an ice-salt bath, and anhydrous 
hydrogen chloride gas (prepared by addition of conc. sulfuric acid to anhydrous ammonium 
chloride) was passed through the solution for 30 minutes with stirring at OX：, then at room 
temperature for 1 hour. The precipitate formed and the ether solution was decanted. The dark 
residue was washed with ether (2x10 mL), and mixed with a solution of water (10 mL) and 
ethanol (10 mL), then heated at for 30 minutes. The alcohol was removed in vacuum, and the 
yellowish solid was extracted with chloroform (3x20 mL). The organic layer was washed with 
brine (2x5 mL) and dried over anhydrous sodium sulfate. The solvent was removed in vacuum and 
the residue was chromatographed on a silica gel column (70-230 mesh, 50 g, chloroform/hexanes 
3/1) to give the purified 47 (125 mg, 46%) as a yellowish solid, m.p. 128-130尤.Al physical and 
spectroscopic data are identical with those of an authentic sample prepared previously (vide supra). 





mL, 1 mmol) was added. The mixture was stirred a‘t room temperature for 1 hour, then IN 
hydrochloric acid (1 mL, 1 mmol) was added. The mixture was evaporated to dryness, and the 
residue was dissolved in chloroform. The organic layer was washed with water (2x10 mL), and 
then dried over anhydrous sodium sulfate. The solvent was removed in vacuum and the residue 
was chromatographed on a silica gel column (70-230 mesh, 15 g, chlorofomi/ethanol/acetic acid 
95/4.5/0.5) to give product 70 (75 mg, 78%) as a yellowish solid, m.p. 147-149尤；^H-NMR (d^ -
DMSO) 6 3.91 (s, 3H), 4.03 (s, 3H), 6.59 (d, /=15.3Hz, IH), 7.01 (d, /=8.2Hz, IH), 7.35 (s, 
IH), 7.41-7.47 (m, 2H), 7.61 (d, /=15.3Hz, IH), 7.84 (s, IH), 8.29 (s, IH), 10.23 (s, IH); 
MS m/e 368 (M+). 
Anal. Calcd. for C^ oHi^ O；: C, 65.22; H, 4.38. Found: C, 64.74; H, 4.43. 
5-(Acetoxypropyl)-7-niethoxy.2.(3'-inethoxy.4'.acetoxyphenyI).benzo[^]furan-3-
carbaldehyde (71) 
To a soluiton of compound 58 (2 g, 5 mmol) in pyridine (5 mL) was added acetic anhydride (2 
mL). The mixture was stirred at room temperature for 10 hours, then the solvent was removed in 
vacuum (60尤)• The residue was chromatographed on a silica gel column (230-400 mesh, lOOg, 
chloroform/hexanes 3/1) to give compound 71 (1.92 g, 87 %) as a white solid, m.p. 109-111 尤： 
IH-NMR (CDCI3) 5 2.03 (m, 2H), 2.09 (s, 3H), 2.81 (t, /i=7.2Hz, /2=7.2Hz, 2H), 3.94 (s, 
3H)，4.03 (s, 3H), 4.12 (t, /i=6.5Hz, y2=6.5Hz, 2H), 6.75 (d, /=1.2Hz, IH), 7.22 (d, 
/=:8.0Hz, IH), 7.42-7.47 (m, 2H), 7.67 (d, /=1.2Hz, IH), 10.32 (s, IH); MS m/e 440 (M+). 
Anal. Calcd. for C24H240g: C, 65.45; H, 5.49. Found: C, 65.31; H, 5.34. 
4-Bromo-5-(3-hydroxypropyl)-7-methoxy-2-(3'-methoxy-4'-hydroxyphenyl)-
benzo[办]furan-3-carbaldehyde (72) 75 
To a solution of compound 71 (0.8 g, 1.8 mmol) in dry carbon tetrachloride (20 mL) were added 
sequentially azoisobutyronitrile (AIBN) (50 mg, 0.3 mmol) and A^-bromosuccinimide (NBS) (0.42 
g, 2.32 mmol). The flask was placed in an oil-bath preheated at 95尤,and the heterogeneous 
mixture was stirred for 10 minutes. The mixture was cooled to (ice-water bath), and n-
butylamine (0.3 g, 4.1 mmol) was added drop wise with stirring. The ice-bath was removed and 
the mixture was stirred at room temperature for 10 minutes. The mixture was added to chloroform 
(50 mL) and the organic layer was washed with brine (2x10 mL), then dried over anhydrous 
sodium sulfate. The solvent was removed in vacuum and the residue was dissloved in methanol 
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(10 mL), then IN sodium hydroxide (5 mL) was added. The mixture was stirred at room 
temperature for 1 hour, then the methanol was removed in vacuum (30SC). The residue was 
combined with water (30 mL), and the mixture was extracted with chloroform (2x10 mL). The 
water solution was acidified with IN hydrochloric acid (5.5 mL), then extracted with chloroform 
(3x20 mL). The organic layer was washed with brine (2x5 mL), then dried over anhydrous 
sodium sulfate. The solvent was removed in vacuum, and the residue was chromatographed on a 
silica gel column (70-230 mesh, 50 g, chloroform/ethanol 95/5) to give 72 (45 mg, 5%) as a 
yellowish solid, m.p. 203-204尤： H^-NMR (d^ -DMSO) 5 1.79 (m, 2H), 2.86 (t, /i=7.6Hz, 
/ 2 = 7 . 6 Hz ’ 2 H ) , 3 . 5 2 (t, /I=6.6Hz, 7 2 = 6 . 6 H Z , 2 H ) , 3 . 9 2 (s, 3 H ) , 3 . 9 8 (s, 3 H ) , 6 . 9 6 ( d, 
/=8.3Hz，IH), 7.02 (s, IH), 7.55 (dd, /i=8.2Hz, /2=2.0Hz, IH), 7.76 (d, /=2.0Hz, IH), 
10.85 (s, IH); 13C-NMR (d^ -DMSO) 5 32.9’ 33.4, 56.1, 56.4, 60.4, 103.9, 110.6, 113.6, 
115.7’ 115.8，119.6, 123.4，128.3, 139.1, 141.5, 144.4’ 147.5, 150.3, 161.1’ 185.9; MS mIe 
435 (M+). 
Anal. Calcd. forCaoHigOgBr: C, 55.19; H, 4.40. found: C, 55.50; H, 4.06. 
4-Acetyl-5-(3-hydroxypropyl)-7-methoxy.2-(3'-methoxy.4'-hydroxyphenyl)-
benzo[办]furan (73).^ ^ 
To a solution of compound 5 7 (1.85 g, 5 mmol) in dry dichloromethane (22 mL) was first added 
aluminum chloride (0.8 g, 6 mmol) at (TC, then acetyl chloride (0.6 ml, 7.5 mmol) was added 
slowly via a syringe to the mixture with stirring. The mixture was stirred at OV. for 1 hour, then at 
room temperature for 30 minutes. An ice-water (50 mL) solution was added, and the mixture was 
extracted with ethyl acetete (3x30 mL). The organic layer was washed with brine (2x10 mL), and 
dried over anhydrous sodium sulfate. The solvent was removed in vacuum, and the residue was 
dissolved in methanol (50 mL). Then IN sodium hydroxide (15 ml) was added. The mixture was 
stirred at room temperature for 1 hour, then methanol was removed in vacuum (30 )^. The residue 
was combined with water (50 mL), and the water layer was extracted with chloroform (3x10 mL), 
then the water solution was acidified with IN hydrocholoric acid (16 mL), and extracted with 
chloroform (3x20 mL). The organic layer was washed with brine (2x10 mL), and dried over 
anhydrous sodium sulfate. The solvent was removed in vacuum, and the residue was 
chromatographed on a silica gel column (70-230 mesh, lOOg, chloroform/hexanes/ethanol 70/25/5) 
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to give the final product 73 (80 mg, 4%) as a white solid, m.p. 126-128尤： H^-NMR 5 1.95 (m, 
2H)，2.69 (s, 3H), 2.93 (t, /i=7.2Hz, /2=7.2Hz，2H), 3.62 (t, /i:5.8Hz’ /2=5.8Hz, 2H), 3.99 
(s, 3H), 4.06 (s, 3H), 6.65 (s, IH), 6.94 (s, IH), 6.99 (d, /=8.3Hz，IH), 7.36 (d, /=1.7Hz, 
IH), 7.42 (dd, /i=8.3Hz, /2=1.7Hz’ IH); l^C-NMR 5 29.8, 31.9, 35.1, 56.2, 56.2, 61.4, 
100.1, 107.9, 109.0’ 115.0, 118.9，119.3，122.4, 125.2’ 130.2, 138.1’ 142.2，146.7, 147.0’ 
157.5, 202.4; MS mJe 370 (M+). 
Anal. Calcd. for C21H22O6： C, 68.10; H, 5.98. Found: C, 67.65; H, 5.75. 
4.AcetyI-5.(3-acetoxypropyl).7-methoxy.2-(3'-methoxy-4'-acetoxyphenyl)-
benzo[办]furan (74).53 
To a solution of compound 45 (1.7 g, 5 mmol) in glacial acetic acid (20 mL) was added a mixture 
of acetic anhydride (4 mL) and 85% phosphoric acid (0.3 mL). The mixture was stirred at 100^ 
for for 2 hours, then passed through a silica gel column (70-230 mesh, 50 g, chloroform/hexanes 
3/1) to give a raw product, which was further chromatographed on a silica gel column (70-230 
mesh, 100 g, chloroform/ether/hexanes 1/1/1) to give product 74 (1.5 g, 64%) in a regioselective 
manner as a yellowish solid, m.p. 86-87 :^ ^ H-NMR (CDCI3) 5 1.99 (m, 2H), 2.08 (s, 3H), 2.33 
(s, 3H), 2.66 (s, 3H), 2.90 (t, /i=7.9Hz, /2=7.9pz，2H), 3.91(s, 3H), 4.04 (s, 3H), 4.14 ( t, 
/l=6.1Hz, /2=6.1Hz, 2H), 6.63 (s, IH), 7.06 (s, IH), 7.08 (d, /=10.7Hz, IH), 7.43-7.45 (m, 
2H); I^c-NMR (CDCl3)5 20.3, 20.6, 30.5, 31.0, 31.7, 55.9, 63.7, 101.7, 109.3, 117.6, 117.8, 
123.1，125.0, 128.5, 129.8, 137.4，140.5, 142.5, 146.5, 151.4, 156.3, 168.5, 170.8, 201.1. 
MS mJe 454 (M+). 
Anal. Calcd. forC25H260g： C, 66.07; H, 5.77. Found: C, 65.84; H, 4.92. 
4-Acetyl-5-(3-hydroxypropyl)-7-niethoxy-2-(3'-niethoxy-4'-hydroxyphenyI)-
benzo[办]furan (73) and 3-Acetyl-5-(3-hydroxypropyI)-7-methoxy-2-(3'-inethoxy-
4'-hydroxyphenyl)-benzo[^]furan (75) 
To a solution of compound 74 (SOOmg, 1.1 mmol) in methanol (2 mL) was added IN sodium 
hydroxide in methanol (2.5 mL). The mixture was stirred at room temperature for 2 hours, then 
IN hydrochloric acid (2.6 mL) was added. The solvent was removed in vacuum, and the residue 
was dissolved in chloroform (50 mL). The organic layer was washed with brine (2x5 mL), and 
dried over anhydrous sodium sulfate. The solvnet was evaporated to dryness, and the residue was 
chromatographed on a silica gel column (70-230 mesh, 30 g, ether/chloroform/ethanol 5/4/1) to 




identical with those of 73 prepared previously {vide supra) 
During the separation, compound 75 was obtained in a trace amount (25 mg) as a yellowish solid, 
m.p. 132-124SC; ^ H-NMR (CDCI3) 6 1.96 (m, 2H), 2.36 (s，3H), 3.42 (t, /i=7.0Hz，/2=7.0Hz! 
2H)，3.58 (t, /i=5.7Hz, /2=5.7Hz, 2H), 3.99 (s, 3H), 4.17 (s, 3H), 6.44 (d, 7=1.2Hz, IH) 
6.84 (s, IH), 7.06 (d, /=8.2Hz，IH), 7.26 (d, /=2.0Hz, IH), 7.32(dd, /i=8.2Hz, /2=2.0Hz, 
IH); MS m/e 370 (M"^ ). 
Anal. Calcd. for C21H22O6： C, 68.10; H, 5.98. Found: C, 67.63; H, 5.76. 
3-Acetyl-5-(3-acetoxypropyl)-7-inethoxy-2-(3'.methoxy-4'-benzyIoxyphenyl)-
benzo[办]furan (76) 
To a solution of compound 74 (0.42 g, 1 mmol) in tetrahydrofuran (10 mL) were added potassium 
carbonate (0.28 g, 2 mmol), benzyl bromide (0.21 mL, 1.2 mmol) and tetrabutylammonium iodide 
(0.1 mL). The mixture was stiired at 80尤 for 10 hours, then the organic solvent was removed in 
vacuum. The residue was chromatographed on a silica gel column (70-230 mesh, lOg, ethyl 
acetate/hexanes 3/1) to give the product 76 (0.45 g, 88%) as a yellowish solid, m.p. 112-114SC; 
IH-NMR (CDCI3) 5 1.99 (m, 2H), 2.08 (s, 3H), 2.66 (s, 3H), 2.91 (t, /i=7.9Hz，/2=7.9Hz, 
2H)’ 3.99 (s, 3H), 4.07 (s, 3H), 4.14 (t, /尸6.5Hz，/2=6.5Hz, 2H), 5.21 (s, 2H), 6.62 (s, IH), 
6.95 (d, /=8.1Hz, IH), 6.96 (s, IH), 7.31-7.47 (m, 7H); I3c-NMR 8 201.1, 171.1，157.4, 
150.2，149.5, 146.6，137.5, 137.0, 130.4，128.7, 128.0, 127.7，127.4, 127.0, 123.5，118.6， 
114 .5，109 .4，109 .2 , 1 0 0 . 6 , 7 1 . 3 , 6 4 . 0 ’ 5 6 . 4 , 3 2 . 0 , 31 .3，30 .8 , 2 1 . 0 ; M S m/e 5 0 2 ( M + ) . 
Anal. Calcd. for C30H30O7： C, 71.70; H, 6.02. Found: C, 71.22; H, 5.55. 
3-Nitro-5-(3-hydroxypropyl).7-methoxy-2-(3'-methoxy-4'-hydroxyphenyl)-benzo 
[办]furan (77) and 4-Nitro-5-(3-hydroxypropyl).7-methoxy-2-(3'-methoxy-4'-
hydroxyphenyl)-benzo[^]furan (78) 76 
To a solution of compound 57 (412 mg, 1 mmol) in glacial acetic acid (5 mL) was added dropwise 
nitric acid (0.4 mL, d=1.4, 6.2 mmol) at -10尤.The mixture was stirred at the same temperature 
for 20 minutes, then water (20 mL) was added. The separated gummy substance was extracted 
with ethyl acetate (3x15 mL), and the organic layer was washed with brine (2x5 mL), then dried 
over anhydrous sodium sulfate. The organic solvent was removed in vacuum, and the unseparable 
residue was dissolved in methanol (10 mL), then IN sodium hydroxide in methanol (3 mL, 3 
mmol) was added. The mixture was stirred at room temperature for 1 hour, then IN hydrochloric 
acid (3 mL) was added. The mixture was extracted with ethyl acetate (3x15 mL), and the organic 





was evaporated to dryness, and the residue was chromatographed on a silica gel column (70-230 
mesh, 30 g, ether/hexanes 2/1) to give a mixture of product 77 and 78 in the ratio 1/2 according 
to the iH-NMR result (see Figure 18). 
The mixture was rechromatographed on a silica gel column (70-230mesh, 100 g, chloroform 
/ether/hexanes 1/1/1) to give products 77 (66 mg, 18%) as a yellowish solid, m.p. 152-154尤 
(recrystallized from chloroform): ^H-NMR (CDCI3) 5 2.01 (m, 2H)，3.17 (t, /i=7.6Hz， 
/ 2 = 7 . 6 H Z , 2 H ) , 3 . 7 9 (t, /i=6.1Hz, / 2 = 6 . 1 H Z , 2 H ) , 4 . 0 3 (s, 3 H ) , 4 . 1 3 (s, 3 H ) , 6 . 6 9 (d, 
/=1.5Hz，IH), 7.02 (d, /=8.3Hz, IH), 7.58 (d, /=1.5Hz, IH), 7.65 (d, /=1.5Hz, IH), 7.67 
(dd, /i=8.3Hz, /2=1.5Hz, IH); l^ C-NMR (CDCI3) 5 159.5, 147.7，143.8, 137,2, 1:35.2, 134.5， 
127.1，122.1’ 119.8, 115.1，112.7, 109.5, 108.2，100.8，62.3, 56.7, 56.3，34.1, 30.8; MS mie 
373 (M+); and 78 (99 mg, 21%) as yellowish needles, m.p. 161.5-162.0^ : ^H-NMR (CDCI3) 5 
1.98 (m, 2H)，3.17 (t, /i=7.2Hz, /2=7.2Hz’ 2H), 3.75 (t, /i=6.3Hz, /2=6.3Hz, 2H), 3.99 (s, 
3H)，4.13 (s, 3H), 5.95 (s, IH), 6.71 (s, IH), 7.05 (d, /=8.4Hz, IH), 7.37 (d, /=1.9Hz, IH), 
7.43 (s, IH), 7.51 (dd, /i=8.4Hz, /2=1.9Hz，IH); MS rnle 373 (M+). 
Anal, Calcd. for C19H19O7N: C, 61.12; H, 5.13; N, 3.75. Found: C, 60.61; H, 4.83; N, 3.55. 
3-Nitro-5-(3-acetoxylpropyl)-7-methoxy-2-(3'-methoxy-4'-benzyloxyphenyl)-
benzo[办]furan (79) 
To a solution of compound 63 (1 g, 2.16 mmol) in glacial acetic acid (10 mL) was added 
dropwise nitric acid (0.4 mL, d=1.4, 6.2 mmol) in glacial acetic acid (0.4 mL) at O^ C. The mixture 
was stirred at the same temperature for 20 minutes, and at room temperature for 2 hours. Water (40 
mL) was added to the solution, and the separated gummy substance was extracted with ethyl 
acetate (3x30 mL). The organic layer was washed with brine (2x5 mL), and dried over anhydrous 
sodium sulfate. The organic solvent was removed in vacuum, and the residue was 
chromatographed on a silica gel column (70-230 mesh, 50g, chloroform/hexanes 3/1) to give the 
raw material which was recrystallized (chloroform/hexanes 3/1) to give product 79 (0.73 g, 67%) 
as a yellowish solid, m.p.l71-173SC: ^H-NMR (CDCI3) 5 2.03 (m，2H), 2.05 (s, 3H), 2.81 (t, 
/l=8.0Hz，/2=8.0HZ, 2H), 3.96 (s, 3H), 3.99 (s, 3H), 4.12 (t, /i=6.3Hz, /2=6.3Hz, 2H), 5.23 
(s, 2H), 6.73 (s, IH), 6.99 (d, /=9.2Hz, IH), 7.29-7.46 (m, 5H), 7.55 (s, IH), 7.64 (d, 
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J=1.8Hz’ IH), 7.66 (dd, /i=9.2Hz, /2:1.8Hz, IH); 13c-NMR 5 30.5, 32.7, 56.3, 65.6, 71.1， 
106.9, 109.6’ 112.0, 112.6, 113.4，113.7, 120.3，123.8，124.1, 128.0, 128.6, 133.7’ 135.2， 
136.5’ 140.0，144.1, 144.9, 145.1’ 149.4，151.5, 156.7，170.9, 230.9; MS mIe 505 (M+) 
Anal.Calcd. for CasHzvOgN: C, 66.53; H, 5.34. Found: C, 66.52; H, 5.38. 
3-Nitro-5.(3-acetoxyIpropyI).7-methoxy.2-(3'.inethoxy-4'-hydroxyphenyl) 
benzo[办]furan (80) 
To a solution of compound 79 (400 mg, 0.6 mmol) in tetrahydrofuran (10 mL) was added 5% 
palladium on charcoal (Pd-C) (20 mg), and the mixture was stirred under hydrogen at room 
temperature for 6 hours. Thin layer chromatography indicated that the substrate disappered 
(ether/chloroform /hexanes 2/1/1). The organic solvent was removed in vacuum, and the residue 
was chroma- tographed on a silica gel column (70-230 mesh, 15 g, ether/chloroforai/hexanes 
2:1:1) to give product 80 (250 mg, 94%) as a yellowish solid, m.p. 135-137^ : ^H-NMR (CDCI3) 
S 2.05 (m, 2H), 2.09 (s, 3H), 2.83 (t, /i=8.3Hz, /2=8.3Hz, 2H), 3.98 (s, 3H), 4.02 (s, 3H), 
4.13 (t, /i=6.5Hz, /2=6.5HZ, 2H), 6.75 (d, /=1.4Hz, IH), 7.05 (d, /=8.9Hz, IH), 7.58 (d, 
/=1.4Hz，IH), 7.64 (d, /=1.9Hz, IH), 7.66 (dd, /i=8.9Hz, /2=1.4Hz, IH); MS mfe 415 (M+). 
Anal.Calcd. for C21H21O8N: C, 60.72; H, 5.10; N, 3.37. Found: C, 60.14; H, 5.09; N, 3.40. 
3-Nitro-5-(3-hydroxypropyl)-7-methoxy-2-(3'-methoxy.4'.hy(iroxyphenyl)-benzo 
[办]furan (77) 
To a solution of compound 80 (125 mg, 0.3 mmol) in methanol (5 mL) was added IN sodium 
hydroxide (1 mL, 1 mmol). The mixture was stirred at room temperature for 1 hour, and then IN 
hydrochloric acid (1.2 mL 1.2 mmol) was added. The solution was evaporated to dryness, and the 
residue was dissolved in chloroform (30 mL). The organic layer was washed with water (2x5 mL 
)’ and dried over anhydrous sodium sulfate. The solvent was removed in vacuum and the residue 
was chromatographed on a silica gel column (70-230 mesh, 5 g, chloroform) to give product 77 
(92 mg, 82%) as yellowish needles. All physical and spectroscopic data are identical with those of 





To a solution of compound 71 (440 mg, 1 mmol) in tetrahydrofuran (5 mL) was added 
methyllithium (1.4 mol in ether solution, 4 mL). The mixture was stirred at room temperature for 5 
hours, then was decomposed with sulfuric acid (5% ice-water solution, lOmL). The solution was 
removed in vacuum, and the residue was chromatographed on a silica gel column (70-230 mesh, 
20 g, chloroform/ether/hexanes/ethanol 5/10/5/1) to give the product 81 (316 mg, 85%) as a semi-
solid: IH-NMR (CDCI3) 6 1.66 (d, /=6.5Hz, 3H), 1.84 (m, 2H), 2.67 (t, /i=7.6Hz, /2=7.6Hz， 
2H)，3.59 (t, /i=6.3Hz, /2=6.3Hz, 2H), 3.81 (s, 3H), 3.91 (s, 3H), 5.29 (q, /i=6.6Hz， 
/2=6.6HZ’ /3=6.6HZ, IH), 6.57 (s, IH), 6.80 (s, IH), 6.89 (d, /=8.2Hz, IH), 7.06 (dd, 
/i=8.2Hz,/2=1.1Hz, IH), 7.17 (s, IH), 7.26 (d,/=LlHz, IH); l^ C-NMR 5 21.9, 31.5，33.6, 
55.1，61.1, 62.7，106.7, 110.0, 111.9，113.8’ 117.5, 120.7, 121.8，128.6, 136.3，141.1, 143.9， 
145.6, 145.9, 150.7; MS m/e 372 (M+). 
： ‘An a l . Calcd. for C21H24O6： C, 67.73; H, 6.50. Found: C, 67.75; H, 6.11. 
5-(3-Hydroxypropyl).7.inethoxy-2-(3'-methoxy-.4'-benzyloxyphenyl)-benzo[^] 
furan-4-carbaldehyde (82). 
To a solution of compound 64 (0.34 g, 0.8 mmol) in A ,^A^-dimethylformamide (0.12 mL) was 
added phosphorus oxychloride (0.2 g, 1.2 mmol) at OT. The mixture was stirred at room 
temperature for 30 minutes, then was heated in a boiling water bath for 1.5 hours. The mixture 
was allowed to stand at room temperature overnight, and was decomposed with a solution of 5% 
sodium acetate (5mL). The isolated solid was filtered off, and chromatographed on a silica gel 
column (70-230 mesh, 60 g，ethyl acetate/hexanes 1/4) to give the raw product 82, which was 
recrystaUized (chloroform/hexanes 2/1) to give the purified product 82 (224 mg, 62%) as a 
yellowish solid, m.p.167-169^: ^H-NMR (CDCI3) 5 1.95 (m, 2H), 3.18 (t, /i=7.4Hz, 
/2=7.4HZ, 2H), 3.71 (t, /i=6.0Hz’ /2=6.0Hz, 2H), 3.98 (s, 3H), 4.07 (s, 3H), 5.19 (s, 2H), 
6.62 (s, IH), 6.93 (d, /=8.3Hz, IH), 7.27-7.47 (m, 7H), 7.68 (s, IH), 10.47 (s, IH); ^^ C-
NMR 5 28.7, 36.1, 56.3，56.4，61.6，71.1，101.2，108.9, 109.0, 114.1，118.5, 119.3, 123.4， 
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Chapter 3. Synthesis of 9,ie-Dihydro-10,10-_ , cIimethoxyanthrancen-9-one 
3.1. Introduction 
In light of the unexpected difficulties associated with the interpretation of XHi4，s spectroscopic 
data due to its scarce quantity in Danshen, three stnictures were proposed to account for the 
corresponding data‘ One of them was proposed to be 9-oxo-9,10-(iihydro-10,10-(iimethoxy-8-
hydroxy-6-(3-hydroxypropyl)-anthracene-3-carbaldehyde (1). 
1 o OH a 
c j ^ ^ i ^ i ^ o H o 6 D 
MeO 八 OmI 11 13 力•dihyro-10，10-(|imethoxy-8- 9，10-dihydro-10，10-dimethoxy-hydroxy-6-(3.hydroxypropyl)-anthracene. anthracene-9-one (2) 3-carbaldehyde (1). 
Usually’ methoxy groups of a ketal show proton chemical shifts at about 5 3.0-3.5. In the 
proposed structure 1, however, the chemical shifts of the two methoxy groups attached to the 
carbon 10 are at 5 4.01 and 8 3.99 {vide supra), respectively . This assignment is based on the 
fact that they both attach to the same carbon which in turn bonds to two phenyl rings. As a result, 
the relatively large 8 values for these methoxy groups can be explained. The inequality of the two 
methoxy groups may be due to the non-planar nature of the three-ring skeleton, thus the two 
benzene rings may be tilted, so that a slight difference in environment may account for the small 
deviation of the chemical shifts of the two methoxy groups. Even though this explanation seems to 
be reasonable, the unusual chemical shifts of methoxy groups for this proposed sturcture, 
particularly with regard to the two methoxy groups attached at the same carbon in a ketal form, cast 
doubt on the assignment for the structure 1 as compound XR^ .^ In addition, the ketal feature of 1， 
which is easily hydrolyzed to a ketone with less angle strain, also refutes the correctness of 
structure 1 as XH^ .^ In order to prove that the proposed structure 1 as XHj4 is incorrect, it is 
quite necessary to design a structure which has similar methoxy groups at C-10 position, and 
possesses a comparatively much simpler structure than 1 for the comparison purpose. For this 
reason, compound 2 is thus our target molecule. The chemical shifts of the methoxy groups of 2 





3.2. Results and Discussion 
Considering the synthetic convenience, we designed compound 3，an analog of compound 2， 
as our target molecule. The retrosynthetic disconnection is depicted in Scheme I. 
Scheme I 
O OH o OCHJPh o OCHjPh 
MeO OMe MeO OMe MeO OMe 
3 4 5 
OMe O OCHjPh TvmOMeOCHzPIi� 
MeO OMe MeO OMe 6 7 
严 OCH P^h OMe OH OMe O OMe O 
OMe OMe OMe OMe 
8 9 10 11 
OMe OMe O OMe 
OMe o OMe o OMe 12 13 14 
The design of our synthetic pathway, therefore, adopted the strategy of Diels-Alder reaction to 
form the three-ring backbone. Obviously, the construction of the bisketal 7, and the monoketal 6 
would be crucial for the execution of this strategy. 
Generally, monoketal can be prepared by either chemical oxidation or electrochemical oxidation 
of phenols. Extensive literature reports deal with the formation of quinone monoketals via chemical 
oxidation of functionalized phenols with a variety of reagents.丄 In some cases, the yields of 
quinone monoketals are low. Furthermore, many of these reactions are unique to a particular 
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molecule. Usually’ three most common oxidizing agents, dichlorodicyanoquinone (DDQ)，feme 
chloride and thallium trinitrate, are effecient^ But thallium trinitrate, in either methanol or a mixture 
of methanol and trimethyl orthofonnate, smoothly converts a number of p-alkoxyphenols to 
quinone monoketal in good yield.3 Apart &om the toxicity of thallium trinitrate, this is a good 
procedure for the preparation of interesting quinone monoketals. The availability of quinone 
monoketals via the thallium trinitrate oxidation undoubtedly plays an important role in the growing 
demand in the use of these compounds in organic synthesis.^ On the other hand, DDQ and feme 
chloride give yields of quinone monoketals comparable to those of thallium trinitrate. However, 
chemical oxidation method has not been chosen for our purpose because the starting material (15) 
is not easily obtainable 
r o 
— : 。 ： ， 
OMe MeO OMe 
15 2 
A route that has proved to be the most general for the preparation of quinone bisketals A by 
anodic oxidation method was first reported by Belleau and Weinberg in 1963,4 and since then 
much efforts had been devoted to the studies of quinone bisketals A and quinone monoketals B.5 
Even though some highly functionalized 1,4-dihydroxy-aromatic system were oxidized to their 
respective quinone bisketals by serveral methods in good yield,让，c’e，g amongst all known 
preparations of quinone bisketals, anodic oxidation had been established unquestionably as the 
method of choice.^ 
MeO OMe MeO OMe 
1力 I力 
MeO OMe q A B 
Thus anodic oxidation of 1,4-dimethoxybenzene^ at constant current in a single cell (anode and 
cathode are not separated) using 1% methanolic potassium hydroxide as both solvent and 
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electrolyte affords the bisketal C • 
？ M e O OMe • __. n 
^ ^ KOH, MeOH 
OMe 88% MeO OMe 
” C 
Up to now, a lot of bisketals or monoketals of substituted benzenes or naphthalenes have been 
prepared by electrochemical oxidation" and even benzene and naphthalene^ have been converted 
to their corresponding bisketal using more violent condition or different electrolyte. 
MeO OMe � 
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MeO OMe Noteworthy is that the mechanism of anodic oxidation was proposed by Swenton, and the 
accepted mechanism for the electrochemical oxidation is illustrated in Scheme II. 
Scheme II 
OMe OMe + 
C ^ • ( T u electrochemical oxidation V V 
OMe OMe 
MeO' ~ ^ M e O . electrochemical oxidation 
严 t MeO OMe 





I � ^ r I polar addition reaction 
OMe MeO OMe 
EECrCp mechanism for anodic oxidation of l，4-dimethoxybenzene 
The key feature of this mechanism is that two electrochemical intermediates are generated at the 
anode. The first is the radical cation of the aromatic substrate, and the second is the methoxy 
radical. Reaction of these two transients on the electrode surface affords a cationic intermediate 
which then reacts with methanol to produce the observed quinone bisketal. These steps were 
termed the EECrCp mechanism, denoting that two electrochemical steps (EE) are followed by a 
radical combination step (Cr) and a polar-addition step (Cp). 
In summary, anodic oxidation of 1,4-dimethoxybenzene and 1,4-dimethoxynaphthalene 
systems is usually a high-yield routes to their respective quinone bisketals. In the synthesis of our 
model compound 3，we adopted the anodic oxidation to prepare the povital intermediate 7. 
As outlined in Scheme III, it is likely that the compound 3，a derivative of compound 2 can 
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The key compound 8 was prepared via a six-step route consisting of mainly conventional 
reactions. Thus, a Friedel-Crafts acylation converted 1,4-dimethoxybenzene (14) to its 
corresponding ketoacid 13,9 which was reduced by a Clemmensen reaction to acid 12.9 Again, an 
intramolecular Friedel-Crafts cyclization of 12 gave ketone 11.10 On selective bromination, ketone 
11 furnished bromide 10. U Dehyckobromination and aromatization then afforded phenol 9 from 
10.12 Finally, the phenol 9 was protected as its benzyl ether 8. ^ ^ 
Obviously, the next stage called for the construction of the naphthoquinone bisketal 7. 
Expectedly, compound 7 was obtained from compound 8 by anodic oxidation.8，5b This reaction 
was carried out under constant current electrolysis in a single cell using 2% methanolic potassium 
hydroxide as both solvent and electrolyte. In this manner, the dimethoxy derivative 8 was 
electrochemically oxidized to 7 in 73% yield 
OMe OCHjPh ^^^ OMeOCH2Ph 
麵 r 二 H , 
OMe MeO OMe 8 7 
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Compound 7 forms white solid, m.p. 84-85^ (from hexanes/ethyl acetate). The mass 
spectrum shows M+-OMe at mle 325. The proton NMR spcctrum (Figure 1) indicates that there 
are 12 proton absorptions belonging to the four methoxy groups at 5 3.18 and 5 3.19, 
respectively. An AB pattern at 5 6.26 represents the vinylic hydrogens in structure 7. A 
comparison of the ^^C-NMR spectra of compound 8 and? indicates that the chemical shifts at 5 
95.5 and 5 96.91 are due to the newly formed double bond. Considering the spatial distance, the 
four methoxy groups show a correlation with the hydrogens of methylene (5 5.2), vinylic 
hydrogens (5 6.62) and aromatic hydrogens, respectively, in the 2D H^-^ H NOESY of compound 
7. 
Figure 1. ^H-NMR, I^C-NMR spectra and ^H-lR 2D-N0ESY of compound 7 
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After bisketal 7 was obtained, the next step was to selectively hydrolyze it to monoketal 6. In 
compound 7, the benzyloxy group substituted at C-8 will cause steiic hindrance'^  according to the 
result of 1H-1H NOESY of compound 7. Thus, when compound 7 was treated with acetic acid in 
THF at 0-25尤，compound 6 was obtained as a major product (44%). This result agrees with the 
prediction of steric effect.^ 
MeO OMeOCH2Ph O OCHzPh 
2% AcOH I [ f S ^ 
~THF0.25^C I L J ^ 
MeO OMe MeO OMe 
7 6 
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�igu r e 2. IH-IH 2D.N0ESY and ^H-NMR spectrum of compound 6 
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The proton NMR spectrum (Figure 2) of compound 6 shows a typical absorption for the six 
protons of the two methoxy groups at 5 3.17, suggesting that two methoxy groups have been lost. 
The structure of 6 is further supported by H^-^ H 2D-N0ESY, i.e., the correlation of two methoxy 
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groups with the vinylic hydrogens indicates that these protons are spatially close, and no 
correlation signal between the methoxy protons at 5 3.17 with the methylenic hydrogens of the 
benzyloxy group at 5 5.24 shows that these protons are spatially separate. 
Fortunately, when compound 7 was directely purified on a silica gel column (ethyl 
acetate/hexanes 1/4) after anodic oxidation, the other regioisomer 16 was obtained as a greenish 
solid (62%). niis regioselective hydrolysis was so well that no compound 6 was observed during 
the separation process. The preferential absorption of the less crowded side of 7 on silica gel might 
cause the formation of 16. 
MeO OMeOCHjPh 臉0 OMeOCHjPh 
n h sk>2 . EtOAc, C6HI4 MeO OMe 62% II o 
7 16 
The structure of compound 16 is established by ^H-NMR spectrum and iH-^H 2D NOESY 
(Figure 3). In the ^H-NMR spectrum, the AB absorption pattern of the vinylic hydrogens is 
quite different from the corresponding absorption pattern (see Figure 2) in compound 6 with 
regard to their different coupling constants. The structure of 16 is also confirmed by the iH-^H 
2D NOESY experiment as shown below, the two methoxy groups correlate not only with the 
vinylic hydrogens, but also with the methylenic hydrogens of the benzyloxy group. 




O d^-Acetone ‘ 
i 丨 丨 ‘ , 
J L A J _ 1 1 [ I L J . . 一 ! 
I i ! i I � ^ � i U . . J L. n , rI, ij, .—1： ^_ li H 




O y ‘ 
备 o • • - ~ ~ ” 一 
d .Acetone ^ 
« 
" _ 4 . 0 0 
I 
, _ 5.no 
ft • 
_ 3 . n o 
‘ 0 : ^ 
-• 0 , 7. 0 0 
p .p 
“ PP M 
I ‘ I. ‘ [ I “ “ -，了 7 . 0 0 6 . 1 ) 0 5 . n o 4 . 0 0 
PPM 
Having regioselectively hydrolyzed the bisketal 7 into monoketals 6 and 16, we tried to use 
the monoketals 6 and 16 to synthesize the model compound 3. Quinone monoketals have attracted 
attention in recent years since these compounds have proved to be useful intermediate in organic 
synthesis. As key starting materials, quinone ketals have been applied to the synthesis of many 
interesting organic mokcuks.l4 In this regard, the most useful reaction of quinone monoketals are 
l，2-additionsl5，1,4-additions^ ^ and Diels-Alder cycloadditions 17，as well as acid-catalyzed 
addi t ions. Because the thermal stability of quinone monoketals is not so good when heated in a 
non-nucleophilic s o l v en t^ l7 this somewhat discouraged us to use the monoketal 6 as a substrate to 
form the final model compound 5 by a Diels-Alder reaction. Up to now, there are many articles 
involving Diels-Alder reactions of monoketals，口 in which the high regioselectivity of monoketal 
reaction with 1-substituted diene is the major feature. 
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Unexpectedly’ co.pouncl6 reacted with (E)-l-n.ethoxy-l,3.bucadiene in .olueneH ac 跳 to 
二 T T d — • H — ’ a D i e l 一 e y e 一 o. _ ,, _ ⑷小 二 r h 瓜 恤 咖 at 默 afTo^ed 出e c 虹脑娜 c a l l y sepa.«e 17 
卿）as a wh.ce so耻 regioseleCvi:, of 她 . a C o n is . a 购 職 wi:. _ . e scenc and 
electronic factors, In t h i < 5 t u ^ ^ r 
IS case, the two aforementioned factors are in the same direction， 
therefore the ''ortho^a,dduct ” k rh户 m�;… ^ ^ aaauct is the major product. The structure of 17 is substantiated by iR-
NMR，13C-NMK，and 2D IH-^H NOESY s p e c ^ . e ^ (Figure 4). Unequivocal e.dence fo. 
the structure of 17 has also been obt^ed.by an X-ray analysis^O (Figure 5). However, it should 
be mendoned that compounds 6 and 16 are unstable on thennolys. and funher efforts m 
employing them as dienophiles in Diels-Alder reactions were hampered by the. thermal 
decomposition. Attempts to dehydrogenate 17 to yield a l-benzyloxy- substituted 18 was however 
unfruitful’ presumably due to elimination of methanol as well as aromadzation of the central ring. 
OMeOCH^Ph 
OMe MeO OMeOCH P^h 
S f ^ ^ ^ ^ + C^HsMe I ^ C J 




Figure 4. ^H-NMR spectrum and iH-lR 2D NOESY of compound 17 
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Figure 5. A perspective view of compound 17 
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methanol. bxsketal 19 was then selectively hydrolyzed by « with trifluoroacedc add to 
give the monoketal 2 (Scheme IV). whose structure was unan^biguously confumed by NMR 
职ctrometry (Figure 6). To our best knowledge, this was the first time that anthrancene was electrochemically oxidized to a bisketal. 
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Figure. IH-NMR of compound 2 0^ 0 
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After we have obtained compounds 6,7, 16, 17 and 19, as well as 2，respectively, the 
chen^cal shifts of all these methoxy groups attached at sp3 carbons are only at about 5 3.0. In this 
way, the original proposed structure 1 is therefore refuted by syntheses of these model compounds. 
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3-3. Experimental Section 
AU evaporations were performed under reduced pressure with a rotary evapomor. iR-NMR 
and 13C-NMR spectra were recorded on a Broker Cryospec WM-250 (250 MHz) and are reported 
in ppm (5) downfield from internal TMS standard Mass spectra were recorded on a VG 
Micromass 7070F instrument Elemental analyses were performed at Shanghai Institute of Organic 
Chemistry，Academia Sinica, China. Melting points were measured on a hot-stage microscope and 
are uncorrected Merck silica gel (60 F254) precoated on aluminum sheet was used for TLC study 
and Merck silica gel (70-230 or 230-400 mesh) was used for column chromatography oinless stated 
otherwise. Basic silica gel was prepared by washing with 5% aqueous ammonium hydroxide, then 
distilled water, and was finally dried at llOSC overnight prior to chromatography. Tetrahydrofuran, 
hexanes and ether were distilled from sodium. Ethyl acetate was dried over calcium chloride. Other 
reagents were used as received from commercial suppliers. Almost all reactions were perfomied 
under nitrogen atomosphere. 
3-(2,5-Dimethoxybenzoyl)-propionic acid (13).9 
Succinic anhydride (5.8 g, 0.06 mol) and 1,4-dimethoxybenzene (14) (7.2 g, 0.05 mol) were 
added with stining to nitrobenzene (48 mL) under nitrogen. Aluminum chloride (15.6 g, 0.12 mol) 
was added slowly at O^ C. The resulting mixture was stiired overnight in an ice bath and then at 
room temperature for 24 hours. The solution was poured into ice-water (150 mL) and 20% 
aqueous sodium hydroxide was added until it became alkaline. The aqueous solution was extracted 
with ether (3 x 100 mL), then was acidified with dilute hydrochloric acid to induce precipitation. 
The crude precipitate was filtered and recrystaUized from methanol and water (1:1) to give 13 as 
needles (7.2 g, 58%), m.p. 101-101.0 :^ ^H-NMR (CDCI3) 5 2.64-2.92 (t, /i=6.0Hz’ 
/ 2 = 6 . 0 H Z , 2 H ) , 3 . 2 8 - 3 . 5 7 (t, / I = 6 . 0 H Z , / 2 = 6 . 0 H Z , 2 H ) , 3 . 7 6 (s, 3 H ) , 3 . 8 7 (s, 3 H ) , 6 . 9 7 - 7 . 3 7 
(m 3H); MS m/e 238 (M+). 
Anal. Calcd for C12H14O5： C, 60.49; H, 5.92, Found: C, 60.43; H, 5.81. 
y-(2,5-Dimethoxyphenyl)-butyric acid (12).9 
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r r r ？咖l) - c u ^ c C _ e (M ,, 0.02 _ 職融“.勵e 
7 t _ 址 conc. HCI in 20 n ^ water) with stirring for 10 Dilute 
hydrochlonc acid was decanted and the mossy zinc was washed with water (2 x 50 rnL) Tl^ en 
二嶋 hydrochloric acid (20 n ^ conc. HCI in 10 n ^ water) was added to the mossy zinc 
followed by a solution of compound 13 (6.4 g, 0.04 mol) in toluene (40 n^). T^e reaction 
^ t u r e was refluxed for 18 hours, then cooled to room tempe赚e and poured into cold water 
(100 mL). Hie solution was extracted with ethyl acetate (3 x 80 mL), and the organic layer was 
washed with brine (3 x 15 mL), then dried over sodium sulfate. Tl.e solvent was evaporated to 
give the product 12 (5.6 g, 93%) as a white solid’ m.p. 148-149^ ； iR-NMR (CDCI3) 5 1.73-
2.77 (m, 6H), 3.72 (s, 6H), 6.64 (s, 3H); MS m/e 224 (M+). 
Anal Calcd. for C.^H.^O^： C, 64.27; H, 7.19. Found: C, 64.74 ； H, 7.47. 
5,8-Dimethoxy- 1-tetralone (ll).lO 
The acid 12 (33 g, 0.15 mol) and polyphosphoric acid (330 g) were stiired together at 7(K： for 1 
hour，then was poured into ice-water (600 mL). The water solution was extracted with ether (3 x 
200 mL), and the organic layer was washed with brine (3 x 30 mL), then dried over sodium 
sulfate. The organic solvent was evaporated in vacuum to give the tetralone 7 (21 g) which was 
chromatographed on a short silica gel colum (150 g, 230-400 mesh) using hexanes containing 33% 
ethyl acetate as eluent to give yellowish crystals of 11 (18.5 g, 60%), m.p. 53.5-54.5尤；iR-NMR 
(CDCls) 5 1.94-2.27 (m, 2H), 2.5-3.0 (m, 4H), 3.8 (s, 3H), 3.8 (s, 3H), 6.7-7.3 ( m, 2H); MS 
m/e 206 (M+). 
Anal. Calcd. for CizHiqC^: C, 69.88; H, 6.84. Found: C, 70.07; H, 6.83. 
2.Bronio-5,8-dimethoxy-l-tetralone (10).n 
To a solution of sodium bromide (3.1 g, 30 mmol) in dry acetonitrile (20 mL) was added 
trimethylsilyl chloride (3.3 g, 30 mmol). After 15 minutes, compound 11 (2.1 g, 10 mmol) and 
then dimethyl sulfoxide (2.3 g, 30 mmol) were added. The mixture was stirred at room 
temperature for 2 hours, then was poured into water (100 mL), and the solution was extracted with 
ether (3 x 40 mL). The organic layer was dried over sodium sulfate, and evaporated in vacuum, the 
residue was purified by chromatography on a silica gel column (100 g, 70-230 mesh) using 
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petroleum ether (30-60SC) and ether as eluent in a gradient manner to give the pnxiuct 10 (1.14 g, 
40%), m.p. 85.86SC; ^H-NMR (CDCI3) 5 2.3-2.6 (m, 2H), 2.9-3.2 (m, 2H), 3.8 (s, 3H), 3.8 (s, 
3H)’ 4.4.4.8 (m, IH), 6.73-7.24 (m, 2H); MS mIe 285 (M+). 
Anal. Calcd. for Ci^HisO^Br: C, 50.55; H, 4.59. Found: C，50.22, H, 4.77. 
5,8-Diinethoxy-l-naphthol (9).l2 
To a solution of hromo-ketone 10 (0.5 g, 1.8 mmol) in toluene (10 mL) was added DBN (0.26 
mL, 2.13 mmol), and the solution was stin^d at room temperature for 28 hours. Hie mixture was 
diluted with ether (50 mL), and was washed with 5% aqueous hydrochloric acid (10 mL), then 
dried over sodium sulfate. The mixture was evaporated to dryness, and theVesidue was 
chromatogmphed on a silica gel column (30 g, 70-230 mesh) using hexanes containg 25% ether as 
eluent to give the product 9 (0.22 g, 61%), m.p. 144-144,5^ 0; iR-NMR (CDCI3) 6 3.95 (s, 3H), 
3.97 (s, 3H), 6.63 (s, 2H)’ 6.82-7.79 (m, 3H), 9.43 (s, IH); MS mIe 204 (M+). Anal. Calcd. 
forCi2Hi2(V C, 70.58; H, 5.92. Found: C, 69.79; H, 5.73. 
l-Benzyloxy.5,8-(liinethoxynaphthalene (8). ^ ^ 
To a solution of compound 9 (2 g, 10 mmol) in tetrahydrofuran (20 mL) was added 80% sodium 
hydride (0.5 g, 0.016 mol). The mixture was stirred at 60( for 10 minutes, then benzyl bromide 
(2 mL) was added. The mixture was further stirred at the same temperature for 24 hours. The 
mixture was cooled to room temperature and diluted with ethyl acetate (100 mL). The organic layer 
was washed successively with water (10 mL) and brine (10 mL), and then dried over sodium 
sulfate. The mixture was evaporated to dryness and the residue was chromatographed on a silica 
gel column (60 g, 70-230 mesh) using petrolum ether (30-60尤）and ether as eluent in a gradient 
manner to give the product 8 (2.65 g, 92%), m.p. 105-105.5SC; ^H-NMR (CDCI3) 5 3.86 (s, 
3H), 3.94 (s, 3H), 5.22 (s, 2H), 6.86 (s’ 2H), 7.07-7.85 (m, 8H); MS mIe 294 (M+). 
Anal. Calcd. for CipHigO^: C, 77.55; H, 6.12. Found: C, 77.40; H, 6.03. 
l-Benzyloxy-5,8-dihydro-5,5,8,8-tetramethoxynaphthalene (7). 5b,8 
The preparative anodic oxidation was performed in a single-cell apparatus using a circular platinum 
gauze anode (33 mm diameter x 28 mm height), and a platinum sheet (10 mm x 10 mm) cathode. 
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To a solution of 2% methanolic potassum hydroxide (75 mL) was added compound 8 (1.6 g, 5.3 
_ 1 ) in tetrahydrofuran (20 mL). The mixture was electrolyzed under 1.4 V, 0.3 A for 3 hours at 
OSC. After TLC indicated that the substrate almost disappeared, the electrolyzed solution was then 
evaporated to dryness. The residue was mixed with a solution of ether (150 mL) and water (30 
ml), and the organic layer was washed with brine (2 x 25 mL) and dried over sodium sulfate. The 
solution was evaporated to dryness and the residue was chromatographed on a basic silica gel 
column (50 g, 70-230 mesh, treated with 5% ammonium water) using ethyl acetate containg 20% 
hexanes as eluent to give product 7 (1.4 g, 73%), m.p. 84-85C; iR-NMR 8 3.18 (s, 3H), 3.20 
(s，3H), 5.20 (s, 2H), 6.26 (m, 2H), 6.94-7.58 (m, 8H); ^^ C-NMR (CDCI3) 5 51.0 (4 OMe), 
70.4 (CH2), 95.5 (C), 96.9 (C), 113.5 (CH), 118.9 (CH), 126.6 (CH), 127.2 (CH), 128.2 
(CH), 130.0 (CH), 134.2 (CH), 134.2 (C), 137.5 (C), 139.4 (C), 157.0 (C). MS mIe 325 (M+ -
OMe). 
Anal. Cacld. for C21H24O5： C, 70.77; H, 6.79. Found: C, 70.67; H, 6.85. 
l,4-Dihydro-4,4.dimethoxy-8-benzyloxynaphthalen-l-one(6).5b 
To a solution of bisketal 7 (2.4 g, 6.8 mmol) in tetrahydrofuran (40 mL) was added 2% aqueous 
acetic acid (20 mL) at 0^. The mixture was stirred at for 1 hour, then at room temperature for 
8 hours. TLC indicated that the starting material almost disappeared, then the mixture was 
quenched with a saturated solution of sodium hydrogen carbonate (10 mL). The mixture was 
extracted with ether (4 x 10 mL), and the organic layer was washed with brine (2x5 ml). Benzene 
(10 mL) was added to the ether solution and the organic solvent was evaporated in vacuum at 35SC 
to give a yellowish oil which was chromatographed on a basic silica gel column (100 g, 70-230 
mesh, hexanes/ether 4/1) to give the product 6 (0.88 g, 44%) as a yellowish semi-solid; ^H-NMR 
(d^-acetone) 5 3.17 (s, 6H), 5.25 (s, 2H), 6.54 (d, /:10.4Hz，IH); 6.78 (d, /=10.4Hz, IH), 
7.08-7.62 (m, 8H); MS mIe 273 (M+ - OMe). 
Anal. Calcd. for C19H18O4: C, 73.53; H, 5.84. Found: C, 73.52; H, 5.92. 
l,4-Dihydro-4,4-diinethoxy-5-benzyIoxynaphthaIen-l-one(16). 
The bisketal 7 (2 g, 6.4 mmol) was chromatographed on a silica gel column (30 x 3 cm, 120 g, 
70-230 mesh) using hexanes containing 20% ethyl acetate as eluent. The whole period of this 
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separation was 20 hours. T7.e eluent was collected with an automatic fraction collector, the bisketal 
was selectively hydrolyzed to a monoketal 16 as a greenish solid, m.p. 68-68.5尤；iR-NMR (d^ -
acetone) 5 3.19 (s, 6H), 5.26 (s, 2H), 6.42 (d, /=10.4Hz, IH); 6.99 (d, /=10.4Hz, IH), 7.25-
7.70 (m, 8H); MS m/e 279 (M+ - OMe). 
Anal. Calcd. for C19H18O4: C, 73.53; H, 5.84. Found: C, 73.12; H, 5.48. 
8,8a,9,10.Tetrahydro-9,9-diniethoxy.l.benzyloxyanthracene-10.one (17). ^ 
Tlie monoketal 16 (264 mg, 0.85 mmol) were mixed with (£)-l-methoxybuta-l,3-diene (0.2 mL, 
2 mmol) and toluene (0.8 mL) in a sealed-tube. The mixture was heated at 120尤 for 24 hours. The 
resulting mixture was chromatographed on a silica gel column (50 g, 70-230 mesh, hexanes/ethyl 
acetate 4/1) to give the product 17 (208 mg, 68%), m.p. 178-178.5尤； H^-NMR (d^ -acetnoe) 5 
2.46 (m, IH), 3.19 (s, 3H), 3.27 (s，3H), 3.65 (m, 2H), 5.29 (s, 3H), 7.72-7.36 (m, 8H). 
MS mle (M+) (calcd for C23H22O4) 362.1575 (found 362.1522). 
Compound 17 (30 mg) was dissolved in ethyl acetate and hexanes (1/2) (1 mL) and slow 
evaporation at room temperature yielded single crystals which were suitable for an X-ray analysis 
that confirmed the molecular structure.^ ® 
9,10-Dihydro-9,9,10,10-tetramethoxyanthracene (19). 
Anthracene (1.5 g) was suspended in a solution of 2% methanolic potassium hydroxide (75 mL) 
and was electrolyzed under refluxing condition for 18 hours in an apparatus as that used before. 
The methanol was evaporated in vacuum and the residue was extracted with ether (3 x 30 mL), the 
organic layer was washed with brine (2 x 10 mL) and combined with benzene (20 mL). The 
solvent was removed in vaccum, and the residue was chromatographed on a basic silica gel column 
(50 g, 70-230 mesh, hexanes/ether 9/1) to give product 19 (0.54 g, 21%) as a white solid, m.p. 
158-159SC. 
iH-NMR (CDCI3) 8 2.95 (s, 12H), 7.58-7.86 (m, 8H); MS m/e 269 (M+ - OMe). 
Anal. Calcd. forCigHaoCV C, 72.00; H, 6.66. Found: C, 72.02; H, 6.11, 
9,10-Dihydro-10,10-dimethoxyeanthracen-9-one (2). 
To a solution of bisketal 19 (0.54 g, 1.8 mmol) in tetrahydrofuran (20 mL) was added 5% 
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t r ^ u o r ^ t i c acid (8 mL). mixture was sdxred at 顧 temperature for 6 hours.孔C 
mdK a^ted that the reaction was almost complete, and then the nature was quenched with a solution 
of saturated sodium hydrogen carbonate (10 mL). T.e solution was extracted with ether (4 x 10 
mL) and the ethereal layer was washed with brine (2x5 mL), then combined with benzene (10 ml) 
= e v aP咖 e d at 35^ in v a _ . residue was chromatographed on a basic silica gel col醒 
(30 g, 70-230 mesh, hexanes/ether 10/1) to give the product 2 (0.32 g, 70%) as a white solid, 
m.p, 122-124SC; IR-NMR (CDCI3) 5 2.93 (s, 6H), 7.75-7.72 (m, 2H), 7.75-7.82 (m, 2H), 7.90 
(dd，/产7.8Hz; 0.9Hz, 2H), 8.31 (dd, /严7.8Hz; /,=LlHz, 2H); MS m,e =223 (M+ -
OMe). 
Anal. Calcd. forCi6Hi403： C, 75.59; H, 5.51. Found: C, 75.24; H, 5.42. 
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m Compound 17，C23H22O4，space group 尸 T，a = 9.120 (2)，b = 9.240(2) c = 11 615 
� K a = 108.70 (1)，p = 95.06 (1), y = 90.92 (1)。，Z^ l^ R, refined to 0.041 for 
2384 observed = 50^ Mo/ITa data. 
‘ * 
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Chapter 4. Synthesis of 10,ll-Dimethoxydibenz[6,/|oxipin 
4.1. Introduction 
m the course of the idendficaton of compound XH,^, three structures had been proposed. 
The second is the structure 1，namely, 6-hydroxy-8-hydroxypropyl-10,ll-dime—ydibenz 
[Z?/loxepin-2-carbaldehyde (1). 
4 5 O ^ ^ 3 4 5 6 HO 
MeO 1 OMe 11 10 ^ HO I 1 MeO OMe 2 3 4 
This sturcture can reasonably account for the spec血 of compound XH,,. Spectroscopically, 
the methoxy groups substituted at an olefinic carbon show absorption at about 6 3.5, However, we 
reason that the two methoxy groups substituted at the olefinic carbons (C-10, C-11) which are 
connected to two benzene rings will have a relatively large 5 value, presumably at about 5 4.0. 
Owing to the fact that subustituted dibenz[Z?/|oxepins bear methoxy groups at the two olefmic 
carbons (C-10, C-11) have not been prepared before, we cannot compare the chemical shifts of the 
methoxy groups in compound 1 with those of a known molecule. In any event, it was essential to 
confirm the proposed structure by a total synthesis. The synthesis of unsubstituted 
dibenz[Z?/Ioxepin (2) was first reported in 1950 by Manske，l and was later also synthesized by 
Bestmann.2 Interestingly, the structure of Pacharin (3)，which was isolated from the heartwood of 
Bauhinia racemosa Lamk, has also been established as having a dibenz[^?/]oxepin skeleton.^ in 
fact，derivatives of (iibenz[Z?/loxipin have been found to exhibit depressant,4 anticonvulsant,5 
analgesic,6 antiinflammatory,? tranquilizing,^ psychotropic,9 sedative,^^ and antiestrogenicU 
properties. Our need for the identification of compound XH14I2 also inspired our quest to prepare 
functionalized dibenz[^?/loxepin. The model compound of our synthesis was 10,11-dimethoxy-
dibenz[办/loxepin (4). 
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4丄 Results and Discussion 
Scheme I 
1, Cu, CU2I2 
r^^P^ONa K O ^ C ^ ^ MeOH ^e COOH 1. KM11O4 
5 6 7 75% V 7 8 
jOOMe COOMe CH^ OH CH^ OH CrOs CHO 
•^姆•^飾"S^ord 
96% 87% V V 67% C H O ^ 
9 10 11 KCN j^aH 
HCT 鳩 MecT^OMe 12 4 CHO ^ ^ 
CHO 
11 13 Me2S04, NaOH, H2O 
HO O M e O i ^ 12 14 
As outlined in the Scheme I, our synthetic strategy employed as key steps an Ullmann ether 
synthesis and a benzoin condensation. Obviously, the synthetic plan called for the construction of a 
diphenyl ether skeleton, which was eventually achieved by an Ullmann ether synthesis of 5 and 6 
in the presence of copper and cuprous iodide at 185V J^ After acid treatment, the functionalized 
diphenyl ether 7 was formed in 70% yield. 13 Oxidation of 7 with potassium permanganate under 
alkaline condition furnished 8 in 75% y i e l d 13 The diacid 8 underwent smooth esterification to 
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afford in 96% yield the diester 9.13 Somewhat surprisingly, our effort to cyclize 9 by acyloin 
condensation was unfruitful. However, this observation is in agreement with the notion that 
aromatic esters without a protons are unable to undergo acyloin condensation,14 because the 
esters under acyloin condition would lose the alkyl group as a radical which can dimerize 
or can abstract a hydrogen atom ftx)m the solvent. As a result, no acyloin product can be obtained. 
After several unsuccessful attempts to cyclize 9, we eventually reduced 9 with lithium 
ahiminum hydride to its corresponding diol 10,15 which was then reoxidized by a Jones 
p r o c e d u r e l 6 to give the dialdehyde 11^ in 58% overall yield from 9. Fortunately, benzoin 
condensation of 11 with potassium cyanide in dimethyl sulfoxide afforded the benzoin 12, albeit 
in a meager 25% yield, together with a small amount of the diketone 13.18 it is wonhy to note that 
longer reaction time only produced more 13 and was therefore detrimental to the preparation of 
12. This result was in agreement with the observation as shown below that aromatic aldehyde 
having methoxy groups afforded diketones upon treatment with polymer supported cyanide in 
DMSO.19 
R " � C H O P 二 ： 二 K - n r f c - C 分 " 
R’ o o “ 
R - O M e , R"=H; or R'=H, R"=OMe R'=OMe, R"=H; or R'=H, R"=OMe 
Table I: Products obtained by treatment of aldehyde 11 with KCN in DMSO 
reaction time mole ratio of aldehyde/KCN products ratio of 12/13 yield (12 13) 
4 hours 2.5 4.16 25% 6% 
20 hours 1.25 0.18 4% 22% 
The preparation of methoxy substituted oxepin compound 4 from benzoin 12 was 
rationalized according to the results described by Merz and Tomahogh.^^ The stilbenediol 




I T in the presence of a ph a s e他 f e r catalyst (e.g. tetra-n-
buty 细職職 bron.de [TBABr]). Treatment of dianion B with diallcylsulfates, the 0-
^ l a u o n product cp-dialkyloxystibene F ax. prodominatly fonned (see Scheme II) 
Scheme II 
O - r r - O 
O OH A 
path 1 n ^""^^^^path 2 
^ ^ r3CC：^ R 
/ C \ O O 
O y L " ^ - o 。 “ - o P ORO o OH 
F (E, Z-isomers) q H 
Unexpectedly, attempted formation of4 from 12 followed the conventional procedure of path 
120 gave only the methoxyketone 14. Our target molecule 4 was finally obtained as a colorless oil 
in 76% yield from 12 by treatment with sodium hydride and dimethyl sulfate in tetrahydrofuran. 
The iH-NMR of 4 is shown in Figure 1. 
Figure 1. ^H-NMR of compound 4 
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In conclusion, a novel derivative of 1，namely 10，1 l-d imetho_benz_oxep in (4) has been 
prepared, the chemical shilfts of the methoxy groups substituted at the define carbons are at about 
5 3.8 (Figure 1). In this way, the second proposed structure 1 as XH,^ was refuted by a 
synthesis of such model compound. 
‘ X 
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4.3. Experimental Section 
m n layer chromatographic plates wer. purchased from commercially available pre-coated 
, " " e s e l g e l 60 F,^, on aluminum. Column chromatography was caxried out using Merck 
sxhca gel (70-230 mesh). All evaporations were performed under reduced pressure with a rotary 
evapo加or. ^H-NMR and 13C-NMR spectra wer. recorded on a Broker WM-250 (250 MHz) 
NMR spectrometer and are reported in ppm (6) downfield from tetramethylsilane as internal 
standard. Mass spectra were recorded on a VG Micromass 7070F instrument. Elemental analyses 
were perfonned at Shanghai Institute of Organic Chemistry, Academia Sinica, China. Melting 
points were recorded on a hot-stage microscope and are uncorrected. 
2.Methylphenyl-2'-carboxyphenyl ether (7).13 
To a solution of sodium methoxide [prepared from sodium (1.1 g, 46 mmol) and methanol (24 
mL)] were added 2-methylphenol (14.5 g, 134 mmol), potassium ^-chlorobenzonate (5) (9 g, 46 
mmol) and copper (0.2 g, 7 mmol) under nitrogen. The mixture was heated to 150 ,^ then cuprous 
iodide (0.2 g, 1 mmol) was added. As soon as the precipitation of sodium chloride appeared, the 
reaction temperature was raised to 185^ for 15 minutes and then allowed to cool to room 
temperature. Water (150 mL) and an aqueous saturated sodium carbonate (15 mL) were added, and 
the mixture was extracted with ether (3 x 50 mL). The ethereal extracts were discarded and the 
aqueous layer was acidified with concentrated hydrochloric acid. The precipitate was collected and 
recrystaUized from ethanol/ether (2/3) to give the pure compound 7 (7.4 g, 70%), m.p. 130-132尤 
[litl3m.p. 133.5^]. 
Di(2-carboxyphenyl) ether (8). 13 
To a solution of potassium permanganate (17.6 g, 110 mmol) in water (280 mL) were added 
potassium hydroxide (2.8 g, 50 mmol) and compound 7 (11.4 g, 50 mmol). The mixture was 
stiiTed at lOO^ C for 2 hours, then allowed to cool. The mixture was decolorized with sodium sulfite 
(2.5 g), and the precipitate was filtered off and discarded. The solution was acidified with 
concentrated hydrochloric acid to give 8 as crystals in fine powdered form (9.7 g, 75%), m.p. 
230SC [litl3 m.p. 230^]. 





！ A solution of acid 8 (40 g, 155 mmol) in methanol (250 mL) was saturated with dry hydrogen 
chloride gas. The solution was stirred at room temperature for 20 hours, and the methanol was 
i • v e d under vacuum. The residue was dissolved in chloroform (200 mL), and washed with 5% 
i 叩ecus sodium carbonate (3 x 15 mL). The organic layer was dried over sodium sulfate and was 
evapomted in vacuum. Tlie crude product was recrystallized from methanol to give 9 as crystals 
(42.5 g, 96%), m.p. 62-62.5SC [litl3 m.p. 65.5SC]: ^H-NMR (CDCI3) 5 3.79 (s，6H), 6.87 (d, 
/=lL3Hz，2H), 7.14 (m, 2H), 7.42 (m, 2H), 7.92 (m, 2H); I3c-NMR (CDCI3) 5 51.9 (CH3), 
119.8 (CH), 122.8 (C), 123.3 (CH), 131.8 (CH), 133.5 (CH), 156.4 (C), 161.0 (C); MS(EI) 
m/e 286 (M+). � 
Anal Calcd. forCi^HidOs: C, 67.13; H, 4.93. Found: C, 67.08; H, 4.87. 
Di(2-hydroxymethyIphenyl) ether (10) 
To a solution of lithium aluminum hydride (3.8 g, 0.1 mol) in tetrahydrofuran (500 mL) was 
added a solution of compound 9 (14.3 g, 50 mmol) in tetrahydrofuran (200 mL) under nitrogen. 
The mixture was stirred at room temperature for 20 hours, then quenched with 5% sulfuric acid 
(50 mL). The organic layer was separated, and the aqueous layer was extracted with ethyl acetate 
(2 X 50 mL). Theorganic layer was combined, and evaporated to dryness, then residue was 
dissolved in ethyl acetate (500 mL), then the organic layer was washed with brine, and dried over 
sodium sulfate. The solvent was removed under vacuum, and the residue was chromatographed on 
a silica gel column (200 g, hexanes/ethyl acetate/ethanol 1:3:1) to give 10 as colorless crystals 
(10.2 g, 87%), m.p. 95.5-97^ [litl5 m.p. 98.5-99.5 ]^: ^H-NMR (CDCI3) 5 4.61 (s, 4H), 6.81 
(dd, / I = 8 . 0 H Z , / 2 = 0 . 9 H Z , 2 H ) , 7 . 0 9 - 7 . 3 6 (m, 6 H ) . 
MS (EI) m/e 230 (M+). Anal. Calcd. for C14H14O3： C, 73.03; H, 6.13. Found: C, 74.69; H, 
4.51. 
Di(2.formyIphenyl) ether (11).16 
A solution of chromium trioxide (10 g, 0.1 mol) in 2 N sulfuric acid (200 mL) was added 
drop wise over 30 minutes to a solution of compound 10 (11.5 g, 50 mmol) in acetone (200 mL) at 
(TC under nitrogen. After the addition, the mixture was further stirred for 15 minutes, and was 
then quenched by addition of isopropanol (15 mL). After 15 minutes, solid sodium hydrogen 
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carbonate (14 g) was added, and the mixture was filtex^d through a s i _d-g la s s filter. filtrate 
was concentrated in vacuum and the residue was chromatographed on a silica gel column (100 g, 
hexanes/ethyl acetate 4/1) to give compound 11 (7.5 g, 67%), m.p. 77-77.5^ [litlTb m.p. 74^]: 
IH-NMR (CDCI3) 6 6,96 (d, /=8.3Hz, 2H), 7.31 (m, 2H), 7.59 (m, 2H), 8.00 (dd, /产 7施， 
/2=1.8Hz, 2H), 10.51 (s, 2H); 13c_nMR (CDCI3) 5 119.0 (CH), 124.4 (CH), 127.4 (C), 129.2 
(CH)，135.8 (CH), 158.7 (C), 188.2 (CH). 
MS (EI) rme 226 (M+). Anal. Calcd. for C,4H,o03： C, 74.33; H, 4.46. Found: C, 74.69; H, 
4.51. 
1 0 , l l -D i h y d r o . l l . h y d r o x y d i b e n z [ ^ / ] o x e p i n - 1 0 ( im) . o n e (12) and 10 ,11-
Dihydrodibenz[^,/]oxepin-10,ll-dione (13). 
To a solution of compound 11 (1.7 g, 7.5 mmol) in dimethyl sulfoxide (3 mL) was added 
potassium cyanide (0.2 g, 3 mmol) under nitrogen. The mixture was stirred at room temperature 
for 4 hours and was then filtered through a silica gel column (50 g, 70-230 mesh, hexanes/ethyl 
acetate 3/2) to give a crude product after evaporation. The crude product was purified by 
chromatography on a silica gel column (50 g, hexanes/ethyl acetate 4/1) to afford 12 (0.42 g, 
25%) and 13 (0.12 g, 6%), respectively. However, the yields of 12 and 13 were 4% and 22%, 
respectively, when the reaction was carried out for 20 hours and 7.5 mmol of 11 as well as 6 
mmol of potassium cyanide were used. Compound 12 forms yellowish solids, m.p. 79-81 .^ 
Compound 13 forms also yellowish solids, m.p. 114-116尤[litis m.p. 119SC]: lH-NMR(CDCl3) 
(12) 5 5.84 (s, IH), 7.15 (m, IH), 7.22 (m, 3H), 7.36 (m, IH), 7.52 (m, IH), 7.3(m, IH), 8.09 
(m, IH); I^c-NMR (CDCI3) (12) 5 75.4 (CH), 120.1 (CH), 121.7 (CH), 123.5 (C), 124.1 
(CH), 125.4 (CH), 126.5 (CH), 128.9 (CH), 130.2 (C), 130.8 (CH), 135.9 (CH), 154.3 (C)， 
160.5 (C), 191.7 (C). 
MS (EI) mJe 226 (M+) (12). Anal. Calcd. for Ci4HioC^: C, 74.33; H, 4.46. Found: C, 74.28; 
H’ 4.37. 
iH-NMR (CDCI3) (13) 8 7.32 (m, 2H), 7.42 (d, /=8.2Hz, 2H), 7.66 (ABX, /i=8.2Hz， 
/2=7.9Hz, /3=1.7Hz, 2H), 7.99 (dd, /i=7.9Hz，/2=1.7Hz, 2H). i^C-NMR (CDCI3) (13) 6 
136 
12L7 (CH), 125.6 (CH), 126.3 (C), 131.8 (CH), 135.8 (CH), 156.9 (C), 186.5 (C). MS (EI) 
m/e (224 M+) (13). Anal.Cald. for C,4H303： C, 74.99; H, 3.59. Found: C, 74.75; H, 3.51. 
10, l l-Dihyc l ro . l l . i ne thoxyd ibenz [^/]oxep in . lO( im).one (14).20 
To a solution of 12 (226 mg, 1 mmol) in tetrahydrofuran (5 mL) was added methyltrioctyl 
ammonium chloride (2 drops) and a solution of sodium hydroxide (170 mg, 4 mmol) in water (0.7 
mL) under nitrogen. Dimethyl sulfate (285 叫，3 mmol) was then added. Tlie mixture was stirred 
at room tempemture for 20 hours under nitrogen. The mixture was combined with chloroform (30 
mL)，and washed with water (2 x 5 mL), then dried over sodium sulfate. The solvent was removed 
in vacuum and the residue was chromatographed on a silica gel column (30 g, hexanes/ethyl acetate 
2/1) to give 14 (136 mg, 56%), m.p. 179-181SC: iR-NMR (CDCI3) 5 3.59 (s, 3H), 5.33 (d， 
/=lHz，IH), 7.16 (m, 4H), 7.36 (m, 2H), 7.49 (dd, J^=7.3Hz, /2:0.8Hz，2H); 13c-NMR 
(CDCI3) 5 53.8 (CH3), 70.1 (CH), 116.9 (CH), 122.2 (C), 123.5 (CH), 126.8 (CH), 129.9 
(CH), 150.5 (C), 175.0 (C). 
MS (EI) m/e 240 (M+). Anal. Cald. for C15H12O3： C, 74.76; H, 5.03. Found: C, 74.21; H, 5.26. 
10,ll-Dimethoxydibenz[^,/]oxepin (4). 
To a solution of compound 12 (226 mg, 1 mmol) in tetrahydrofuran (5 mL) were added sodium 
hydride (72 mg, 3 mmol) and dimethyl sulfate (315 mg, 0.24 mL, 2.5 mmol). The mixture was 
stirred at room temperature under nitrogen for 4 hours, then was diluted with chlorofonn (30 mL). 
The organic layer was washed with brine (2 x 5 mL) and dried over sodium sulfate. The solvent 
was removed in vacuum, and the residue was chromatographed on a silica gel column (50 g, 
hexanes/ethyl acetate 4/1) to afford compound 4 as an oil (195 mg, 76%): ^ H-NMR (CDCI3) 5 
3.80 (s, 6H), 7.15 (m, 4H), 7.30 (ABX, /i=7.95Hz, /2=7.66Hz，/3=L81 Hz, 2H), 7.50 (dd, 
/l=7.66Hz, /2=1.81HZ, 2H); l^C-NMR (CDCI3) 5 60.3 (CH3), 120.9 (CH), 124.9 (CH), 126.9 
(CH), 127.5 (C), 129.7 (CH), 143.9 (C), 157.5 (C). 
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